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$GHWDLOHG DQDO\VLV RI WKH UHVXOWV RI WKH GHILQLWLRQ IRU WKH ILYH FRXQWULHV VKRZV UHVXOWV WKDWGLIIHU FRQVLGHUDEO\ :KHUHDV IRU H[DPSOH LQ 7KH 1HWKHUODQGV PRUH WKDQ  RI WKHPXQLFLSDOLWLHVDQGLQ%HOJLXPPRUHWKDQKDYHWREHFODVVLILHGDV'3/$VLQ)UDQFHOHVVWKDQEHORQJWRWKLVFODVVDQGLQ*HUPDQ\DQG,WDO\EHWZHHQDQG7KHGLIIHUHQFHVDUHHYHQKLJKHUZKHQORRNLQJDWWKHDYHUDJHGHQVLWLHV7KH'XWFKPXQLFLSDOLW\0LHUORVKRZVWKHKLJKHVW YDOXHZLWK  DQLPDOVNPð WKLV LVPXFK KLJKHU WKDQ WKH KLJKHVW YDOXH WKDWZDVUHDFKHG LQ )UDQFH LQ   DQLPDOVNPð LQ /RPEDOOH 7KH LQFUHDVH LQ WKH SLJSRSXODWLRQLQ)UDQFHWRPRUHWKDQPLOOLRQLQPD\KRZHYHUKDYHUHGXFHGWKHJDSEXWWKH'XWFKYDOXHLVDOVRPXFKKLJKHUWKDQWKHKLJKHVWYDOXHLQ*HUPDQ\LQ'DPPH DQLPDOVNPð ,Q %HOJLXP WKH PD[LPXP ZDV DWWDLQHG LQ /LFKWHUYHOGH DQLPDOVNPðLQLQ,WDO\&XPLJDQDRVXO1DYLJOLRUHDFKHGDPHGLXPYDOXHZLWKDQLPDOVNPðFIOLVWRIWKHPXQLFLSDOLWLHVZLWKWKHKLJKHVWDQLPDOGHQVLWLHVZLWKUHVSHFWWR)0' LQ WKH DSSHQGL[ 7KH PDSV LQ WKH DSSHQGLFHV VKRZ WKH GLIIHUHQFHV LQ WKH VSDWLDOGLVWULEXWLRQRI'3/$V:KHUHDV7KH1HWKHUODQGVDQG%HOJLXPVKRZFRQWLQXRXVDUHDVZLWKDQDYHUDJHGHQVLW\RIPRUHWKDQDQLPDOVNPðVXFKDUHDVFDQQRWEHIRXQGLQ)UDQFHDQG*HUPDQ\ DW DOO DQG RQO\ LQ D IHZ ORFDWLRQV LQ ,WDO\ 2QO\ D PRUH UHFHQW GDWD VHW FRXOGLOOXVWUDWHKRZWKLVVLWXDWLRQPD\KDYHFKDQJHGLQ)UDQFHDQG,WDO\)LJXUH D DQGE VKRZDQRWKHU LPSRUWDQW DVSHFW RI WKH FRPSDULVRQ WKH SHUFHQWDJH RI WKHUHVSHFWLYHVSHFLHVWKDWDUHORFDWHGLQWKH'3/$V2QHFDQHDVLO\VHHWKDWWKHSLJSURGXFWLRQLQWKH1HWKHUODQGV DQG%HOJLXP LV DOPRVW FRPSOHWHO\ FRQFHQWUDWHG LQ UHJLRQV WKDW KDYH WR EHFODVVLILHG DV '3/$V ZKHUHDV LQ )UDQFH *HUPDQ\ DQG ,WDO\ OHVV WKDQ  RI WKH SLJSRSXODWLRQLVORFDWHGLQVXFKDUHDV2QO\LQ7KH1HWKHUODQGVLVPRUHWKDQRIWKHFDWWOHSRSXODWLRQKHOGLQ'3/$VIROORZHGE\%HOJLXP7KHVDPH LV WUXH IRUJRDWV ,Q ,WDO\DQG)UDQFH WKHSHUFHQWDJH IRUJRDWV LV OHVVWKDQHYHQLIWKHYDOXHVIRU)0'LVXVHG7KHQXPEHURIVKHHSLQ'3/$VLVKLJKHVWLQ
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QRRIFDWWOHLQ'3/$IRU&6) QRRISLJVLQ'3/$IRU&6) QRRIVKHHSLQ'3/$IRU&6) QRRIJRDWVLQ'3/$IRU&6)

$W D KLJKHU DGPLQLVWUDWLYH OHYHO WKH UHVXOW LV WKH VSDWLDO GLVWULEXWLRQ SDWWHUQ DV VKRZQ LQ)LJXUH%HVLGHVWKHWZRUHJLRQVLQ)UDQFHDQG,WDO\ZKLFKDUHORFDWHGLQDODUJHGLVWDQFHIURPWKHRWKHUKLJKGHQVLW\DUHDVDFRQWLQXRXVEHOWFDQEHIRXQGUHDFKLQJIURP%HOJLXPDQG7KH1HWKHUODQGVWRQRUWKZHVWHUQ*HUPDQ\,QWKLVKLJKGHQVLW\UHJLRQDERXWRIDOOSLJVRIWKH(8ZHUHSURGXFHGLQ=03
)LJXUH '3/$VIRU)0'DQG&6)LQWKHILYHFRXQWULHVSDUWLFLSDWLQJLQWKH(8SURMHFW
'3/$V LQ WKH ILYH SDUWLFLSDWLQJ FRXQWULHV'3/$V IRU &6) DQGRU )0'QR '3/$V
7KH GHWDLOHG PDSV LQ WKH DSSHQGLFHV VKRZ DOO PXQLFLSDOLWLHV FODVVLILHG DV '3/$V :KHQFRPSDULQJWKHUHVXOWVRQWKHWZRDGPLQLVWUDWLYHOHYHOVRQHFDQVHHWKDWVRPHLQIRUPDWLRQLVORVW LQ WKHSURYLQFH OHYHO6R IRU H[DPSOH WKHSURYLQFHRI/LPEXUJ LQ WKH1HWKHUODQGV LVFODVVLILHG DV D '3/$ DOWKRXJK WKH VRXWKHUQ PXQLFLSDOLWLHV RQO\ VKRZ D ORZ RU PHGLXPGHQVLW\6HYHUDORWKHUH[DPSOHVFDQEHIRXQG7KHVDPHLVWUXHIRUWKHRSSRVLWHDQH[DPSOHLV &XQHR 3LHPRQWH LQ ,WDO\ (YHQ WKRXJK D FOXVWHU RI '3/$V FDQ EH IRXQG RQ WKHPXQLFLSDOLW\OHYHOWKHSURYLQFHDVDZKROHLVFODVVLILHGDVDQ63/$IRU)0'DQGDQ03/$IRU&6),Q RUGHU WR EH DEOH WR HVWLPDWH WKH GLVWULEXWLRQ RI WKH DQLPDO VSHFLHV LQ WKH '3/$V WKHSHUFHQWDJHRI WKHVSHFLHVIRU WKHSURYLQFHV LQ7KH1HWKHUODQGVDQG%HOJLXP WKHUHJLRQVLQ
 ,Q*HUPDQ\/DQGNUHLVHFRXQWLHVLQ)UDQFHGHSDUWPHQWV

,WDO\ WKH VWDWHV %XQGHVOlQGHU LQ*HUPDQ\ DQG WKH GHSDUWPHQWV LQ)UDQFHZDV FDOFXODWHGUHJLRQVZLWKPRUHWKDQDQLPDOVNPð)URP)LJXUHRQHFDQHDVLO\VHHWKDWSLJVDUHWKHGRPLQDWLQJVSHFLHVLQRIWKHSURYLQFHV2QO\LQWKH,WDOLDQUHJLRQRI&DPSDJQHDUHFDWWOH WKH GRPLQDQW VSHFLHV2Q WKH RWKHU KDQG WKHUH DUH  UHJLRQV RQZKLFK VKHHS KDYH DVKDUH RI PRUH WKDQ  RI WKH DQLPDO SRSXODWLRQ )UDQFH $YH\URQ +DXW9LHQQH 'HX[6HYUH ,WDO\ 6DUGHQJQD 6L]LOLD ,Q WKH UHPDLQLQJ  UHJLRQV QR GRPLQDQW VSHFLHV FDQ EHIRXQG/LqJH%9HQHWR,&DODEULD,0DUFKH,=XLG+ROODQG1/*URQLQJHQ1/'UHQWKH1/DQG1RRUG+ROODQG1/
)LJXUH 6KDUHRIDQLPDOVSHFLHVDW'3/$IRU)0'SURYLQFHV
)LQDOUHPDUNV
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LQKRPRJHQHLW\ OHDGV WR VXERSWLPDO UHVXOWV $ FDOFXODWLRQ EDVHG RQ WKH ORFDWLRQ RI VLQJOHIDUPVFISDSHURI(KOHUVDQG0|OOHU&KDSWHUZLOOVKRZWKDWLQPXQLFLSDOLWLHVFODVVLILHGDV63/$VDQG03/$VFOXVWHUVRIIDUPVPD\DOVRVKRZXSWKDWKDYHH[WUHPHO\KLJKDQLPDOGHQVLWLHV2QHDOVRKDVWRNHHSLQPLQGWKDWWKHFODVVLILFDWLRQV\VWHPSUHVHQWHGKHUHLVRQO\EDVHGRQGDWDVHWVIURPILYH(8PHPEHUVWDWHV7RXVHWKLVGHILQLWLRQDVDEDVLVIRUOHJDOUHJXODWLRQVLWVKRXOGEHPRGLILHGRQ WKHEDVLVRI WKHGDWD VHWV IURPDOO PHPEHU VWDWHV7KHSUHVHQWHGPDSV RQO\ VKRZ WKH GHQVLW\ DQG GR QRW FRQWDLQ LQIRUPDWLRQ DERXW WKH ULVN RI D GLVHDVHRXWEUHDNQRUDERXWWKHRUJDQLVDWLRQRIDQLPDOSURGXFWLRQ1HYHUWKHOHVVLWFDQEHVWDWHGWKDWWKHRIWKHPXQLFLSDOLWLHVFODVVLILHGKHUHDV'3/$VDUHDJRRGPHDQVRI LGHQWLI\LQJ UHJLRQVZLWKDYHU\KLJKFRQFHQWUDWLRQRI DQLPDOV WKDW FRXOGEHVHYHUHO\DIIHFWHGE\)0'RU&6)7KLVFODVVLILFDWLRQ LVDOVRVXSSRUWHGE\ WKH IDFW WKDW WKH'3/$V FRYHU DERXW  RI WKH DUHD 7KH FODVVLILFDWLRQPHWKRGRORJ\ FDQ EH WUDQVIHUUHG WRRWKHUGDWDVHWVHLWKHURQWKH(8OHYHOLQWRWDORUIRUVLQJOHFRXQWULHV
5HIHUHQFHV
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*HRJUDSKLF,QIRUPDWLRQ6\VWHPV*,6DUHYHU\SRZHUIXODQGIOH[LEOHVRIWZDUHWRROVIRUWKHHIIHFWLYHPDQDJHPHQWRIVSDWLDOO\UHIHUHQFHGGDWDHJJHRGDWD&RXSOLQJGDWDEDVHDQG*,6WHFKQRORJ\SURYLGHV WKH WRROV IRU DGHWDLOHGDQDO\VLVRI VSDWLDOSDWWHUQVDQGGLVWULEXWLRQV LQYHWHULQDU\DSSOLFDWLRQV$VSHFLILFWRROER[ZDVGHYHORSHGVRWKDW
*,6OD\PHQ
FDQPDNHXVHRIWKLVSRZHUIXOWHFKQRORJ\ZLWKRXWKDYLQJWROHDUQFRPSOH[*HRLQIRUPDWLFV7KHFRPSOHWHIXQFWLRQ KRZHYHU DV SURYLGHGE\ D GHVNWRS*,6 VXFK DV$UF9LHZ LV VWLOO DYDLODEOH WR WKHXVHU8VLQJDVSHFLILFVFULSWSURJUDPPLQJODQJXDJHWKHWRROER[DGGVVWDWLVWLFDOIHDWXUHVIRUGHQVLW\DQDO\VLVDQGULVNDVVHVVPHQWWRWKH*,6PRVWLPSRUWDQWO\WKHFDOFXODWLRQRILQGLFHVVXFKDVWKH/RUHQ]FXUYHWKH*,1,LQGH[DQGDNHUQHOWRROIRUGHQVLW\HVWLPDWLRQ7KLVVRIWZDUHZDVHPSOR\HGIRUWKHDQDO\VLVRIOLYHVWRFNGDWDLQYHU\GHQVHO\SRSXODWHGDUHDVRIWKH(XURSHDQ8QLRQ(87KHUHVXOWVZHUHXVHG IRUGHILQLWLRQDQGDQDO\VLVRIDQLPDOGLVHDVH ULVNDUHDV7KHYHWHULQDU\*,69HW*,6WRROER[ZDVVXFFHVVIXOO\WHVWHGDQGDSSOLHGE\WKHFRQWULEXWLQJSDUWQHUV RI WKH (8 SURMHFW 'HYHORSPHQW RI SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV WR DGGUHVVDQLPDOKHDOWKDQGUHODWHGSUREOHPVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVRIWKH&RPPXQLW\)$,5&7
*HRLQIRUPDWLFVDVD1HZ'LVFLSOLQH
*HRLQIRUPDWLFV LV WKH DUW VFLHQFH RU WHFKQRORJ\ GHDOLQJ ZLWK WKH DFTXLVLWLRQ VWRUDJHSURFHVVLQJSURGXFWLRQSUHVHQWDWLRQ DQGGLVVHPLQDWLRQRIJHRLQIRUPDWLRQ (KOHUV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%HWWLRHWDO7KHDUHDVLQYROYHGLQWKHVXUYH\ZHUH)ODQGHUV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ORFDWLRQ PHDVXUHV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7KHKLJKULVNLQGLFHVRI*HUPDQ63/$VDQG'3/$VFRXOGEHH[SODLQHGE\WKHSUHVHQFHRILQIHFWHGZLOGERDUDVVRFLDWHGZLWK WKHDEVHQFHRIDSK\VLFDOEDUULHUDURXQGWKHPDMRULW\RISLJ IDUPV '3/$V LQ %HOJLXP )UDQFH DQG ,WDO\ VKRZHG ORZHU ULVN LQGH[ YDOXHV GXH WRUHODWLYHO\ EHWWHU KHUG PDQDJHPHQW DQG WR D ORZHU LPSDFW RI WKH ULVN DVVRFLDWHG ZLWK WKHLQWURGXFWLRQRI OLYHSLJV7KH%HOJLDQ63/$ULVN LQGH[YDOXH LVPDLQO\DWWULEXWDEOH WRKHUGPDQDJHPHQWVLQFHWKHSHUFHQWDJHRIIDUPVZKHUHVZLOOZDVIHGWRSLJVZDVKLJK7KHDSSOLFDWLRQRI WKH0$'0PHWKRG WR WKHGDWDVHWRQ WKHFKDUDFWHULVWLFVRI WKH OLYHVWRFNLQGXVWU\ LQ '3/$V DQG 63/$V VKRZHG WKDW WKH ULVN DVVRFLDWHG ZLWK YHKLFOHV IRU DQLPDOWUDQVSRUWPDLQO\FRQWULEXWHGWRWKHULVNUDWLQJRIWKHVWXG\DUHDV)LJXUH:KHUHSUHVHQWLQIHFWHGZLOGERDUFRXOGFOHDUO\DIIHFWWKHOHYHORIULVNZLWKUHJDUGWRWKHLQWURGXFWLRQRI&6)LQ WKHGRPHVWLFSLJSRSXODWLRQZKLOVWKHUGPDQDJHPHQW DQGDQLPDO LQWURGXFWLRQZHUH WZRRWKHU IDFWRUV ZKLFK LQIOXHQFHG WKH ILQDO UDWLQJ 7KH 0$'0 RXWFRPH FRXOG DOORZ WKHLGHQWLILFDWLRQRIWKHPDLQIDFWRUVWKDWFRQWULEXWHWRGLVHDVHULVNDQGWKHGHILQLWLRQRISULRULWLHVIRUWKHDGRSWLRQRIVRXQGSUHYHQWLYHPHDVXUHVLQHDFKDUHD,Q WKH (XURSHDQ 8QLRQ &6) VWLOO UHSUHVHQWV D FRQWLQXLQJ WKUHDW IRU WKH SLJ LQGXVWU\ 7KHILQDQFLDOORVVHVGXHWRWKHHSLGHPLFVFRXOGEHKXJHIRUERWKWKHFRPPHUFLDODQGWKHSXEOLFVHFWRUV HVSHFLDOO\ RQFH WKH LQIHFWLRQ HQWHUV D'3/$ 7KH EHVW ZD\ WR UHGXFH ORVVHV IURPWKHVH HSLGHPLFV LV WR SUHYHQW WKH LQWURGXFWLRQ RI WKH &6) 9LUXV LQWR WKH GRPHVWLF SLJSRSXODWLRQ7KHUHLVDQHHGWRLGHQWLI\DQGFODVVLI\DUHDVDFFRUGLQJWRWKHULVNRIGLVHDVHLQWURGXFWLRQDQGWR GHILQH HIIHFWLYH SUHYHQWLRQ DQG HUDGLFDWLRQ PHDVXUHV WDNLQJ LQWR DFFRXQW WKHFKDUDFWHULVWLFVRI WKHDUHDVXQGHUFRQVLGHUDWLRQ0LFKHODQGGH9RVKDYHGHILQHGWKHFULWHULDZKLFK FDQ EH DSSOLHG WR WKH LGHQWLILFDWLRQ RI'3/$V ([SHUW HOLFLWDWLRQ WHFKQLTXHVFRXOG EH XVHG WR UDQN DUHDV FRQVLGHULQJ EHVLGHV DQLPDO GHQVLW\ RWKHU TXDOLWDWLYH DQGTXDQWLWDWLYHLQIRUPDWLRQRQWKHFKDUDFWHULVWLFVRIWKHLUOLYHVWRFNLQGXVWU\7KHDSSOLFDWLRQRIVXFK PHWKRGRORJLHV GRHV KRZHYHU UHTXLUH WKH GHILQLWLRQ LQ DOO WKH (8 FRXQWULHV RI DPLQLPXP VHW RI GDWD RQ WKH PDLQ ULVN IDFWRUV IRU GLVHDVH LQWURGXFWLRQ VXFK DV DQLPDOPRYHPHQWDQGLWVVDQLWDU\GLVFLSOLQHELRVHFXULW\PHDVXUHVHQIRUFHGDW WKHIDUPOHYHOVZLOOIHHGLQJ DQG WKH SUHVHQFH RI LQIHFWHG ZLOG ERDU &ULWHULD WR FROOHFW DQG XSGDWH WKLV GDWDZKLFK FRXOG EH SDUWO\ JHQHUDWHG E\ ,	5 DQG $1,02 V\VWHPV VKRXOG EH GHILQHG DQGXQLIRUPO\DSSOLHG7KHV\VWHPDWLFDGRSWLRQRIELRVHFXULW\SURWRFROVVKRXOGEHHQIRUFHGWRPLQLPLVHWKHULVNRILQWURGXFLQJLQIHFWLRXVGLVHDVHVLQWRSLJXQLWV7HUSVWUD$PDVDQG&ODUN,IWKLVLV WKH FDVH IXUWKHU LQIRUPDWLRQ RQ WKH FRPSOLDQFH RI SLJ IDUPV WR WKHVH SURWRFROV FRXOGUHJXODUO\EHFROOHFWHGDQGXVHGWRPRQLWRUULVNLQVXFKDUHDV7KLVFRXOGHYHQWXDOO\VWLPXODWH
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WKH LGHQWLILFDWLRQ DQG HQIRUFHPHQW RI SUHYHQWLYH PHDVXUHV DLPHG DW UHGXFLQJ WKH ULVN RIGLVHDVHDSSHDUDQFH
$FNQRZOHGJHPHQWV
7KH UHVHDUFK UHSRUWHG LQ WKH SUHVHQW SDSHU LV SDUW RI WKH (85HVHDUFK 3URMHFW )$,5&7ZKLFK ZDV IXQGHG E\ WKH (XURSHDQ &RPPLVVLRQ 7KH ILHOG VXUYH\ ZDV FDUULHG RXW ZLWK WKHFRRSHUDWLRQ RI WKH 8QLYHUVLW\ RI 9HFKWD *HUPDQ\ $)66$$OIRUW )UDQFH *KHQW 8QLYHUVLW\%HOJLXP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5HIHUHQFHV
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HGV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 LQ WKH1HWKHUODQGV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$EVWUDFW7RGD\ DQG DV IDU DV &ODVVLFDO 6ZLQH )HYHU RU )RRW DQG 0RXWK 'LVHDVH DUH FRQFHUQHGGHQVHO\ SRSXODWHG DUHDV DUH FRQVLGHUHG DV DWULVN DUHDV +RZHYHU HYHQ LI WKH GHQVLW\SDUDPHWHU LV V\QWKHWLF LWGRHVQRW WDNHDQLPDOPRYHPHQWV LQWRDFFRXQW1HYHUWKHOHVV WKHVHPRYHPHQWVZLGHO\FRQWULEXWH WRERWK WKH LQWURGXFWLRQDQG WKH VSUHDGLQJ ULVNVRI WKHVH WZRGLVHDVHV7KHDLPRIWKLVSDSHULVWRVKRZWKHUHOHYDQFHRIXVLQJWKHUDWLRRIIDWWHQLQJSLJVVRZVERWKDV D PRYHPHQW LQGH[ DV ZHOO DV HYLGHQFH RI WKH LPSRUWH[SRUW VWDWXV RI D JLYHQ DUHD WRJHRJUDSKLFDOO\LPSURYHWKHULVNDQDO\VLVRI&6)
,QWURGXFWLRQ
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)RRWDQG0RXWKGLVHDVHRU&6)&ODVVLFDO6ZLQH)HYHU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RU)0'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+RZHYHUWKLVSDUDPHWHULVREYLRXVO\LQDGHTXDWHIRUGHVFULELQJWKHJHRJUDSKLFDOULVNRI&6)SUHFLVHO\LQDJLYHQDUHD7KHUHDUHVHYHUDOUHDVRQVIRUWKLV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
2EYLRXVO\ WKH VLJQLILFDQFH RI WKLV LQGH[ VKRXOG EH GLVFXVVHG DFFRUGLQJ WR WKH SURGXFWLRQV\VWHPV$QLQWHUQDOYDOLGDWLRQFRPSDULVRQRIWKHJHRJUDSKLFDOUHVXOWVZLWKPRYHPHQWVGDWDRI,1)2325&DVZHOODVDQH[WHUQDOYDOLGDWLRQRIWKHZKROHSURFHVVFRPSDULVRQZLWKRWKHU(XURSHDQFRXQWULHVVKRXOGEHSHUIRUPHG
5HIHUHQFHV
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HWXQH]RQHjIRUWHGHQVLWp)'RQWpWpHQTXrWpVHQ)UDQFHHQ/HV W\SRORJLHVGHFHVGHX[]RQHVRQWpWpFRPSDUpHVDXUHJDUGGXVWDWXWVDQLWDLUHGHV

pOHYDJHV QRPEUH G¶pSLVRGHV GH W\SH JULSSDO HQ HQJUDLVVHPHQW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HQ]RQH)'ODIRUWHGHQVLWpHVWDVVRFLpHjXQQRPEUHG¶pOHYDJHVSOXV LPSRUWDQW GH W\SH HQJUDLVVHXU LPSOLTXDQWXQH FLUFXODWLRQGHVSRUFHOHWV SOXV LPSRUWDQWH /D IRUWH IUpTXHQWDWLRQ GHV pOHYDJHV QDLVVHXUHQJUDLVVHXUV VLWXpVGDQV FHWWH ]RQH SDU OHV YpKLFXOHV H[WpULHXUV SHXW rWUH LQWHUSUpWpH HQ WDQW TXH FDXVH RXFRQVpTXHQFH G¶XQH VLWXDWLRQ VDQLWDLUH GLIILFLOH QRPEUH GH V\QGURPHV JULSSDX[ HQHQJUDLVVHPHQW ! DQ H[DFHUEpH SDU OH PDQTXH GH SUpFDXWLRQV VDQLWDLUHV SULVHV SDU FHVPrPHV pOHYDJHV (Q ]RQH %' OD ERQQH VLWXDWLRQ VDQLWDLUH GHV pOHYDJHV j O¶pJDUG GH ODSDWKRORJLH FLEOH HVW DVVRFLpH j XQH IDLEOH IUpTXHQWDWLRQSDU OHV YpKLFXOHV H[WpULHXUV HW j ODPLVH HQ SODFH GHPHVXUHV GH ELRVpFXULWp'DQV XQ VHFRQG WHPSV OHV IDFWHXUV GH ULVTXH GHO¶H[SUHVVLRQFOLQLTXHGHSOXVGHV\QGURPHVJULSSDX[SDUDQRQWpWpUHFKHUFKpV/HPRGqOHGH UpJUHVVLRQ ORJLVWLTXH D SHUPLV GHPHWWUH HQ pYLGHQFH TXH OD GHQVLWp G¶pOHYDJHV SRUFLQVDXWRXU GH O¶H[SORLWDWLRQ SOXV GH TXDWUH pOHYDJHV GH SRUFV GDQV XQ UD\RQ GH  NP XQHIUpTXHQWDWLRQLPSRUWDQWHGHO¶pOHYDJHSDUOHVYpKLFXOHVG¶pTXDUULVVDJH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-05RELMQV&HQWUDO$QLPDO+HDOWK2UJDQLVDWLRQ%HOJLXP
'DWDDQDO\VHV)RUYDU\LQJFXWRIIYDOXHVRIULVNIRUQHLJKERXUKRRGVSUHDGRI&6)UDQJLQJIURP« WR  FRPPXQLWLHV ZHUH LGHQWLILHG DV EHLQJ FRPPXQLWLHV ZLWK D KLJK ULVN IRUQHLJKERXUKRRGVSUHDGRI&6)ZKHQWKHULVNRIDWOHDVWRQHQHLJKERXUKRRGLQWKHFRPPXQLW\ZDVDERYHWKHFXWRIIYDOXH6LPLODUO\ FRPPXQLWLHV ZLWK GHQVH SLJ SRSXODWLRQV ZHUH LGHQWLILHG $ FRPPXQLW\ ZDVFODVVLILHG DV EHLQJ D FRPPXQLW\ ZLWK D GHQVH SLJ SRSXODWLRQ ZKHQ WKH SLJ GHQVLW\ LQ WKHFRPPXQLW\ZDVODUJHUWKDQWKHPLQLPDOSLJGHQVLW\)RUHDFKFXWRIIYDOXH WKHPLQLPXPSLJGHQVLW\RIDFRPPXQLW\ZDVFDOFXODWHG IRUZKLFKWKH DJUHHPHQW NDSSD VWDWLVWLF RI WKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK KLJK ULVN IRUQHLJKERXUKRRG VSUHDG RQ WKH RQH KDQG DQG WKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK GHQVH SLJSRSXODWLRQVRQWKHRWKHUKDQGZDVPD[LPDO*LYHQWKHFXWRIIYDOXHDQGWKHPLQLPXPSLJGHQVLW\ FRUUHVSRQGLQJ ZLWK WKH PD[LPXP NDSSD FRHIILFLHQW WKH REVHUYHG SURSRUWLRQ RIRYHUDOODJUHHPHQWZDVFDOFXODWHG7KHNDSSDVWDWLVWLFFDOFXODWHVDFKDQFHFRUUHFWHGPHDVXUHRIDJUHHPHQWRIWZRUDWHUVLHWKHSURSRUWLRQ RI FRPPXQLWLHVZLWK KLJK ULVN IRU QHLJKERXUKRRG VSUHDG DQG WKH SURSRUWLRQ RIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQV7KHLQWHUSUHWDWLRQRIWKHNDSSDVWDWLVWLFLVJLYHQLQ7DEOH7KH REVHUYHG SURSRUWLRQ RI RYHUDOO DJUHHPHQW FDOFXODWHV WKH IUDFWLRQ RI FRPPXQLWLHV ERWKIXOILOOLQJ DQG QRW IXOILOOLQJ ERWK LQFOXVLRQ FULWHULD LH WKH SUHVHW FXWRII YDOXH DQG WKHPLQLPXPSLJGHQVLW\$GGLWLRQDOO\IRUHDFKFXWRIIYDOXHD5HFHLYHU2SHUDWLQJ&KDUDFWHULVWLF52&FXUYHIRUSLJGHQVLW\ZDV FDOFXODWHG7KH52&FXUYHGLVSOD\V IRU DOO SRVVLEOHSLJGHQVLWLHV DQG DJLYHQFXWRIIYDOXH IRUQHLJKERXUKRRG VSUHDG WKHFRUUHVSRQGLQJVHQVLWLYLW\ DQG µVSHFLILFLW\¶RIWKHLGHQWLILFDWLRQRIFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)EDVHGRQWKHSLJGHQVLW\RIWKHFRPPXQLW\

7DEOH 6WUHQJWKRIDJUHHPHQWRINDSSDVWDWLVWLF.DSSDYDOXH 6WUHQJWKRIDJUHHPHQW 3RRU 6OLJKW )DLU 0RGHUDWH 6XEVWDQWLDO $OPRVWSHUIHFW
5HVXOWV
)RUWKHUHGXFHGGDWDVHWWKHULVNIRUWKHQHLJKERXUKRRGVSUHDGRI&6)YDULHGIURPWRPHGLDQ 2IWKHFRPPXQLWLHVLQ%HOJLXPKDGQRSLJKHUGV7KHSLJGHQVLW\LQ WKH UHPDLQLQJFRPPXQLWLHVYDULHG IURP WRSLJV NP PHGLDQ SLJV NP7KHUHPDLQGHURI WKHDQDO\VHVZDVSHUIRUPHGRQO\RQ WKHFRPPXQLWLHVZLWKSLJKHUGV7KH QXPEHU RI FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) DQG WKHGHVFULSWLRQRIWKHVHOHFWHGFRPPXQLWLHVJLYHQWKHFXWRIIYDOXHLVVKRZQLQ7DEOH%\LQFUHDVLQJ WKH FXWRII YDOXH WKH QXPEHU RI FRPPXQLWLHV WKDW IXOILOO WKH LQFOXVLRQ FULWHULRQGHFUHDVHG:LWKLQWKHVHVHOHFWHGFRPPXQLWLHVWKHQXPEHURIQHLJKERXUKRRGVLQFUHDVHGZKHQWKHFXWRIIYDOXHLQFUHDVHGZKHUHDVWKHWRWDODUHDRIODQGUHPDLQHGFRQVWDQW7KLVUHVXOWHGLQDQLQFUHDVHRIWKHPHGLDQSUHGLFWHGULVNLQWKHVHOHFWHGFRPPXQLWLHV$OWKRXJKWKHPHDQRIWKH PHGLDQ SUHGLFWHG ULVN LQFUHDVHG WKH SURSRUWLRQ RI QHLJKERXUKRRGV ZLWK D ULVN IRUQHLJKERXUKRRGVSUHDGRI&6)ODUJHUWKDQWKHFXWRIIYDOXHGHFUHDVHG7DEOH  VKRZV WKH PLQLPXP SLJ GHQVLW\ IRU YDU\LQJ FXWRII YDOXHV IRU ZKLFK WKHDJUHHPHQW NDSSD VWDWLVWLF RI WKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK D KLJK ULVN IRUQHLJKERXUKRRGVSUHDGRI&6)DQGWKHVHOHFWLRQRIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQVZDV PD[LPDO 7KH DJUHHPHQW ZDV KLJKHVW  ZKHQ WKH FXWRII YDOXH ZDV  7KHFRUUHVSRQGLQJ PLQLPXP SLJ GHQVLW\ DERYH ZKLFK D FRPPXQLW\ ZDV FODVVLILHG DV DFRPPXQLW\ZLWKDGHQVHSLJSRSXODWLRQZDVSLJVNP:KHQWKHFXWRIIYDOXHZDVVHWDW   FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) DQG FRPPXQLWLHVZLWK D GHQVH SLJ SRSXODWLRQZHUH VHOHFWHG DQG  FRPPXQLWLHV IXOILOOHG ERWKFULWHULD:KHQWKHFXWRIIYDOXHZDVRUKLJKHUWKHNDSSDDJUHHPHQWZDVRQO\PRGHUDWHRUOHVVWKDQPRGHUDWH

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D $FRPPXQLW\ZDVFODVVLILHGDVDFRPPXQLW\ZLWKDKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)ZKHQ WKHSUHGLFWHG ULVN IRUQHLJKERXUKRRG VSUHDGRI&6)RI DW OHDVWRQHQHLJKERXUKRRG LQ WKHFRPPXQLW\ZDVDERYHWKHFXWRIIYDOXH












7KH52&FXUYHVIRUSLJGHQVLW\DQGIRUFXWRIIYDOXHVUDQJLQJIURP WRDUHJLYHQLQ)LJXUH  $GGLWLRQDOO\ IRU HDFK FXWRII YDOXH WKH VHQVLWLYLW\ DQG VSHFLILFLW\ DVVRFLDWHGZLWKWKHLGHQWLILFDWLRQRIFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGLVJLYHQIRUYDU\LQJPLQLPXPSLJGHQVLWLHV
)LJXUH 52& FXUYHV IRU SLJ GHQVLW\ DQG IRU YDU\LQJ FXWRII YDOXHV RI ULVN IRUQHLJKERXUKRRGVSUHDGRI&6)
3LJGHQVLW\SLJVNP 6HQVLWLYLW\ 6SHFLILFLW\ 3LJGHQVLW\SLJVNP 6HQVLWLYLW\ 6SHFLILFLW\                    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7KLV SDSHU RQO\ GHDOV ZLWK WKH ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) ZKLFK LV RQO\ RQHDVSHFWRIGLVHDVHVSUHDGGXULQJ&6)HSLGHPLFV+RZHYHUWKHLPSRUWDQFHRIµQHLJKERXUKRRGLQIHFWLRQV¶ GXULQJ D&6) RXWEUHDN 0LU\ HW DO  3LWWOHU HW DO  6WHJHPDQ HW DO UHVXOWHG LQ WKHDGDSWDWLRQRI FRQWURO VWUDWHJLHV SUHHPSWLYH VODXJKWHULQJ LQRUGHU WROLPLW LWVFRQVHTXHQFHV7KHULVNDVVHVVPHQWIRU µQHLJKERXUKRRGLQIHFWLRQV¶DVGHVFULEHGE\0LQWLHQV HW DO WKLV SXEOLFDWLRQ PD\ EH XVHG E\ GHFLVLRQPDNHUV DV D 'HFLVLRQ 6XSSRUW6\VWHP '66 WR VHW SULRULWLHV GXULQJ WKH FRQWURO RI D &6) RXWEUHDN +RZHYHU WKHLPSOHPHQWDWLRQRIVXFKD'66UHTXLUHVGHWDLOHGJHRJUDSKLFDOFRRUGLQDWHVRIHYHU\SLJKHUGLQWKHDIIHFWHGUHJLRQFRXQWU\DQGWKHVHDUHQRWDOZD\VDYDLODEOH7KHUHIRUHWKHSLJGHQVLW\RIDFRPPXQLW\PD\EHDQDOWHUQDWLYHWRROIRUDVVHVVLQJWKHULVNRIµQHLJKERXUKRRGLQIHFWLRQV¶LQDFRPPXQLW\,Q WKLV VWXG\ D FRPPXQLW\ ZDV FRQVLGHUHG WR LQFRUSRUDWH D KLJK ULVN IRU QHLJKERXUKRRGVSUHDGRI&6)ZKHQWKHULVNRIµQHLJKERXUKRRGLQIHFWLRQV¶RIDWOHDVWRQHQHLJKERXUKRRGZDVKLJKHU WKDQ D SUHVHW FXWRII YDOXH 7KLV FULWHULRQ LPSOLHV WKDW QRW DOO QHLJKERXUKRRGV LQ DFRPPXQLW\ KDYH D ULVN WKDW LV KLJKHU WKDQ WKH FXWRII YDOXH0RUHRYHU WKH SURSRUWLRQ RIQHLJKERXUKRRGV KDYLQJ D ULVN IRU µQHLJKERXUKRRG LQIHFWLRQV¶ KLJKHU WKDQ WKH FXWRII YDOXHGHFUHDVHVZKHQWKHFXWRIIYDOXHLQFUHDVHV:KHQWKHFXWRIIYDOXHLVRUKLJKHUWKH.DSSDDJUHHPHQWLVRQO\PRGHUDWHRUOHVVWKDQPRGHUDWH 7DEOH  7KHUHIRUH WKH XVH RI WKH SLJ GHQVLW\ RI D FRPPXQLW\ WR VHOHFWFRPPXQLWLHV IRU ZKLFK DW OHDVW RQH QHLJKERXUKRRG LQ WKH FRPPXQLW\ KDV D ULVN RIQHLJKERXUKRRGVSUHDGRI&6)RIRUKLJKHUZLOOQRWEHDSSURSULDWH7KHKLJKSURSRUWLRQRIRYHUDOODJUHHPHQWREVHUYHGLQWKHVHFODVVHV!7DEOHFRXOGEHREWDLQHGEHFDXVHRI WKH KLJK QXPEHU RI FRPPXQLWLHV WKDW GLG QRW VDWLVI\ ERWK WKH LQFOXVLRQ FULWHULD FXWRIIYDOXHDQGPLQLPXPSLJGHQVLW\)RUWKHRWKHUFXWRIIYDOXHVWRDVXEVWDQWLDO.DSSDDJUHHPHQWZDVIRXQG+RZHYHUWKHLGHQWLILFDWLRQRIFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)EDVHGRQWKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK GHQVH SLJ SRSXODWLRQV UHVXOWV LQ D QXPEHU RIPLVFODVVLILFDWLRQV:KHQLQ%HOJLXPDPLQLPXPSLJGHQVLW\RISLJVNP LVXVHGIRUWKH LGHQWLILFDWLRQ RI FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) WKHSRVLWLYHSUHGLFWLYHYDOXH LVDQGZKHQ WKHFXWRIIYDOXH LVDQGUHVSHFWLYHO\0RUHRYHUWKHSRVLWLYHSUHGLFWLYHYDOXHIRUDJLYHQFXWRIIYDOXHZLOOGLIIHU IURP FRXQWU\ WR FRXQWU\ EHFDXVH LWV YDOXH ZLOO FKDQJH ZKHQ WKH SUHYDOHQFH RIFRPPXQLWLHVZLWKDKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)FKDQJHVLHWKHVPDOOHUWKLVSUHYDOHQFH WKH VPDOOHU WKH SRVLWLYH SUHGLFWLYH YDOXH 2Q WKH RWKHU KDQG&RQYHUVHO\ ZKHQ

GHFLVLRQPDNHUV DUH ULVNDYHUVH DQGZDQW WR LGHQWLI\ DOO FRPPXQLWLHV LQZKLFK DW OHDVW RQHQHLJKERXUKRRGKDVDULVNIRUQHLJKERXUKRRGVSUHDGRI&6)RIDWOHDVWWKHPLQLPXPSLJGHQVLW\KDVWREHHYHQVPDOOHUWKDQSLJVNP EHFDXVHDWWKLVGHQVLW\WKHVHQVLWLYLW\LVQRW\HW  )LJXUH  7KLV DOVRPHDQV WKDW FRPPXQLWLHVZLOO EH VHOHFWHG WKDW IXOILOO WKHPLQLPXPSLJGHQVLW\ EXWZKLFK LQFOXGHQRQHLJKERXUKRRGVZLWK D ULVN IRU QHLJKERXUKRRGVSUHDGRI&6)RIDWOHDVWVSHFLILFLW\OHVVWKDQ,QFRQFOXVLRQWKHFKRLFHRIWKHPLQLPXPSLJGHQVLW\RIDFRPPXQLW\LQRUGHUWRRSWLPLVHWKHVHOHFWLRQ RI FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) LV QRWVWUDLJKWIRUZDUG7KHFKRLFHGHSHQGVRQWKHDJUHHPHQWRIWKHVHOHFWLRQRIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQVDQGZLWKDKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)DVZHOODVRQWKHULVNVGHFLVLRQPDNHUVDUHSUHSDUHGWRWDNH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH&HQWUDO$QLPDO+HDOWK2UJDQLVDWLRQLQ%HOJLXPIRUSURYLGLQJWKHLGHQWLILFDWLRQ	UHJLVWUDWLRQGDWDEDVH6$1,7(/97KLV VWXG\ KDV EHHQ FDUULHG RXW ZLWK WKH ILQDQFLDO VXSSRUW RI WKH FRPPLVVLRQ RI WKH (XURSHDQ&RPPXQLW\$JULFXOWXUHDQG)LVKHULHV)$,5VSHFLILF57'SURJUDPPH&7³'HYHORSPHQWRI3UHYHQWLRQDQG&RQWURO6WUDWHJLHVWR$GGUHVV$QLPDODQG5HODWHG3UREOHPVLQ'HQVHO\3RSXODWHG/LYHVWRFN$UHDVRIWKH&RPPXQLW\´7KHSDUWLFLSDQWVLQWKLVSURMHFWDUHWKH:DJHQLQJHQ$JULFXOWXUDO8QLYHUVLW\ 7KH 1HWKHUODQGV WKH 8QLYHUVLW\ RI 9HFKWD *HUPDQ\ WKH 5HJLRQDO &HQWUH IRU9HWHULQDU\ (SLGHPLRORJ\ LQ /HJQDUR ,WDO\ WKH 0LQLVWU\ RI $JULFXOWXUH %HOJLXP WKH *KHQW8QLYHUVLW\%HOJLXPWKH&DWKROLF8QLYHUVLW\RI/HXYHQ%HOJLXPDQG$))6$$OIRUW)UDQFH
5HIHUHQFHV
%HQGL[HQ+-9HWHULQDU\DFWLYLWLHVLQ(XURSH3UHVHQWDQGIXWXUH7KH9HWHULQDU\5HFRUG(OOLV35 -DPHV$' DQG6KDZ$3 6WXGLHV RQ WKH HSLGHPLRORJ\ DQG HFRQRPLFV RI VZLQHIHYHU HUDGLFDWLRQ LQ WKH ((& &RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV ((& 3XEOLFDWLRQ (85H






&DOFXODWLRQ RI WKH SUREDELOLW\ RI LQIHFWLRQ LV WKH XOWLPDWH JRDO IRU WKH ULVN DVVHVVPHQW RILQIHFWLRXVGLVHDVHV6HYHUDOVWXGLHVGHGLFDWHGWRWKHVWXG\RIWKHVSUHDGRIDLUERUQH)RRWDQG0RXWK'LVHDVH )0'DUH LQ IDFW VWRSSHG WR WKHHYDOXDWLRQRI H[SRVLWLRQ LH&DVDO HW DO 8S XQWLO QRZ WKH RQO\ VROXWLRQ IRU TXDQWLI\LQJ WKH SUREDELOLW\ RI LQIHFWLRQ LV WRFRPSDUH WKH YDOXH REWDLQHG IURP DPDWKHPDWLFDOPRGHO RI DLUERUQH VSUHDG WR WKHPLQLPDOGRVHV UHTXLUHG WR VHW XS WKH LQIHFWLRQ H[SHULPHQWDOO\ 'XULQJ DQ HSLGHPLF HDFK KHUGEHORQJLQJ WR DQ DUHD ZKHUH WKH DPRXQW RI YLUXV UHFHLYHG LV JUHDWHU WKDQ WKLV WKUHVKROG LVFRQVLGHUHG DW ULVN 1HYHUWKHOHVV LQ GHQVHO\ SRSXODWHG OLYHVWRFN DUHDV '3/$ WKH DWULVNDUHDFDQFRQWDLQDORWRIKHUGVLQSDUWLFXODUZKHQWKHVL]HRIWKHHPLWWHUKHUGLVODUJHKLJK+HUGVPD\ KDYH GLIIHUHQW VL]HV DQG FDQ WKHQ UHSUHVHQW D YDULDEOH VRXUFH RI ULVN ,W LV WKHQLPSRUWDQWWREHDEOHWRFDWHJRULVHWKHVHW\SHVNLQGVRIKHUGV7KH LQIHFWLRQ LV VHW XS DV WKH UHVXOW RI LQWHUDFWLRQEHWZHHQ WKH YLUXV DQG WKH DQLPDO)RU DJLYHQVWUDLQYLUXOHQFHLVTXLWHFRQVWDQWGXULQJDQHSLGHPLFZKHUHDVWKHVXVFHSWLELOLW\RIWKHDQLPDOVPD\YDU\ DFFRUGLQJ WR WKH VSHFLHV WKH DJH DQG WKH LPPXQH VWDWXV RI WKH DQLPDOV'XULQJDQH[SHULPHQWDOLQIHFWLRQKLJKGRVHVKDYHXVXDOO\EHHQXVHGDQGWKHQDOOWKHDQLPDOVDUH LQIHFWHG 6HOOHUV  %XW LI WKH GRVH LV ORZ YDULDEOH UHDFWLRQV DUH REVHUYHG'RQDOGVRQ  'XULQJ DQ HSLGHPLF WKH GRVHV UHFHLYHG DUH QRW KLJK IURP WKH RXWVHW7KHQWKHULVNRILQIHFWLRQWRDKHUGLVPRUHGLIILFXOWWRSUHGLFW:HSURSRVHWRGHULYHWKLVDOHDDWWKHKHUGOHYHOIURPDPRGHORIWKHUHDFWLRQDWWKHKHUGOHYHO
0RGHO
$W WKH LQGLYLGXDO OHYHO UHDFWLRQ YDULDELOLW\ FDQ VLPSO\ EH PRGHOOHG XVLQJ D GRVHHIIHFWIXQFWLRQ8VXDOO\WKHUHODWLRQLVPRGHOOHGXVLQJDORJLVWLFIXQFWLRQ

/RJLWS D E GRVH K K LV D OLQHDU SUHGLFWRU ZLWK VRPH YDULDEOHV PHDVXUHG DW WKH LQGLYLGXDO OHYHO VXFK DV WKHLQGLYLGXDOLQKDOHGGRVH$ KHUG LV LQIHFWHG ZKHQ RQO\ RQH DQLPDO LV LQIHFWHG $OO WKH DQLPDOV EHLQJ DVVXPHGLQGHSHQGHQWWKHKHUGSUREDELOLW\RILQIHFWLRQHTXDOVWKHSUREDELOLW\WKDWDWOHDVWRQHDQLPDOLVLQIHFWHG7KHQIRUDKHUGRIVL]H1 UHFHLYLQJDJLYHQGRVH  13 LQIHFWHGDQLPDO3LQIHFWHGKHUG  
/HWXVGHILQHWKHIROORZLQJQRWDWLRQV 3 SUREDELOLW\RIKHUGLQIHFWLRQ S SUREDELOLW\RILQGLYLGXDOLQIHFWLRQ 1 KHUGVL]H
(TXDWLRQFDQEHZULWWHQ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7KH FKRLFH RI WKH ORJLVWLF IXQFWLRQ LV DUELWUDU\ DQG LV RIWHQ MXVWLILHG E\ WKH IDFW WKDW WKHORJLVWLFIXQFWLRQLVWKHQDWXUDOOLQNIXQFWLRQIRUELQRPLDOGDWD1HYHUWKHOHVVDQRWKHUIXQFWLRQIURP WKH H[SRQHQWLDO IDPLO\ WKH FRPSOHPHQWDU\ ORJORJ IXQFWLRQ FORJORJ OHDGV WR PRUHWUDFWDEOH UHVXOWV )LJXUH  VKRZV WKH FRPSDULVRQ EHWZHHQ FORJORJDQG ORJLVWLF IXQFWLRQ&ROOHW
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FORJORJS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FORJORJ3LVREWDLQHGDVIROORZV/RJ±3 1 H[S /RJ/RJ3 /RJ1 H[S 7KHQ  FORJORJ3 ORJ1FORJORJS 5HODWLRQHQDEOHVXVWROLQNLQDVLPSOHZD\WKHKHUGDQGLQGLYLGXDOSUREDELOLW\RILQIHFWLRQZLWKKHUGVL]Hx $W WKH ORJDULWKP FRPSOHPHQWDU\ ORJORJ VFDOH KHUG SUREDELOLW\ RI LQIHFWLRQ LV OLQHDUO\OLQNHGWRWKHORJDULWKPRIKHUGVL]Hx $W WKH ORJDULWKP FRPSOHPHQWDU\ ORJORJ VFDOH KHUG VL]H PRGLILHV WKH LQWHUFHSW RIHTXDWLRQx ,QHTXDWLRQORJ1LVDQRIIVHWYDULDEOHYDULDEOHZLWKRXWSDUDPHWHUx 6HYHUDOFRPELQDWLRQVGRVHKHUGVL]HOHDGWRWKHVDPHYDOXHIRUWKHKHUGSUREDELOLW\RILQIHFWLRQ3$VWKHSDUDPHWHUIRUWKHGRVHLVE\GHILQLWLRQSRVLWLYHDQGDVLVDSULRUL WKHVL]H SDUDPHWHU IRU D JLYHQ 3 ZKHQ WKH VL]H LQFUHDVHV WKH GRVH QHHGHG WR VHW XS DQLQIHFWLRQGHFUHDVHV

9DOLGDWLRQ
'DWD RQ KHUG DWWDFN UDWHV REVHUYHG GXULQJ WKH  HSLGHPLF +XJK-RQHV ZHUHXVHG WRYDOLGDWH WKHPRGHO1XPEHURIRXWEUHDNVSHUKHUGVL]HFODVVZHUHH[WUDFWHG IURPDGDWDEDVHNLQGO\SURYLGHGE\0(+XJK-RQHVDIWHUVHOHFWLQJRQO\WKHGDLU\KHUGVLQIHFWHGLQ&KHVKLUHDQG6KURSVKLUH)LJXUH1XPEHURIRXWEUHDNVGLYLGHGE\WKHDWWDFNUDWHVJLYHWKH QXPEHU RI KHUGV LQ WKH DUHD )RU 6KURSVKLUH GDWD RQH FODVV  GDLU\ FDWWOH ZDVH[FOXGHGDVRQO\KHUGVEHORQJWRWKLVFODVV7KHODVWFODVVPRUHWKDQDQLPDOVZDVDOVRH[FOXGHGDVQRPHGLDQVL]HFRXOGEHREWDLQHG,QGLYLGXDOSUREDELOLW\ZDVHVWLPDWHGXVLQJWKHIROORZLQJHTXDWLRQFORJORJS FORJORJ3±ORJ1 9DULDQFH RI S LV FDOFXODWHG IURP WKH GHULYDWLYH RI HTXDWLRQ  DFFRUGLQJ WR 3'DFXQKD&DVWHOOHDQG'XIOR
/HW 13S   ZLWK 0P3  Ö P QXPEHURIRXWEUHDNVRIVL]H10 QXPEHURIKHUGVDWULVNRIVL]H1
'HULYDWLYHRISLV   ww 1313S
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IRU LQIHFWLRXV GLVHDVHV WKLV LV SUREDEO\PLVOHDGLQJ5HDVRQLQJPD\ UHO\PRUH RQ WKHPRUHVXVFHSWLEOHDQLPDOWKDQRQWKHDYHUDJHRQH












+HUGVL]HLVGHVFULEHGDVDULVNIDFWRU LQFUHDVLQJWKHKHUGSUREDELOLW\RI LQIHFWLRQIRUPDQ\UHVSLUDWRU\ GLVHDVHV 6WlUN  8VXDOO\ SDUDPHWHUV UHODWHG WR KHUG VL]H DUH WUHDWHG DVQXLVDQFHSDUDPHWHUV6RPRUHRIWHQKHUGVL]HLVLQWURGXFHGDVDUDQGRPIDFWRULQUHJUHVVLRQPRGHOV WKDWGHDOZLWK LQGLYLGXDOSUREDELOLW\RI LQIHFWLRQ ,QWKHFDVHRIUHVSLUDWRU\GLVHDVHVVXFK DV )0' RU SVHXGRUDELHV WKH KHUG LV WKH OHYHO RI LQWHUHVW $W WKLV OHYHO +XJK-RQHV+XJK-RQHVGHPRQVWUDWHGWKDWDWWDFNUDWHVDUHOLQNHGWRKHUGVL]H2XUPRGHOJLYHVDQDQDO\WLFDOH[SODQDWLRQRIWKLVUHVXOW$VVXPLQJWKDW)0'LVKHWHURJHQHRXVO\GLVWULEXWHGLQWKHDLU&DVDOVXJJHVWVDQRWKHUH[SODQDWLRQ,ID3RLVVRQGLVWULEXWLRQFRXOGEHXVHGWRGHVFULEHWKHTXDQWLW\RIYLUXVLQKDOHGE\RQHDQLPDOVRPHDQLPDOVPD\KDYHUHFHLYHGDODUJHDPRXQWRIYLUXVHYHQLIWKHDYHUDJH

DPRXQWRIWKHYLUXVLVORZ7KHUHIRUHKHUGVL]HZLOOLQFUHDVHWKHSUREDELOLW\WKDWDWOHDVWRQHDQLPDOUHFHLYHGDODUJHDPRXQWRIYLUXV:HDVVXPHGWKDWWKHDQLPDOVUHFHLYHGWKHVDPHGRVHEXW WKDW WKH VXVFHSWLELOLW\ RI WKH DQLPDOV YDULHV $VVXPLQJ WKLV KHUG VL]H LQFUHDVHV WKHSUREDELOLW\WKDWDQDQLPDOVXVFHSWLEOHWRORZGRVHVRIWKHYLUXVLVSUHVHQWLQWKHKHUG7KHWZRDSSURDFKHVOHDGWRWKHVDPHFRQFOXVLRQVEXWWKHUHLVQRGDWDWRGLVWLQJXLVKEHWZHHQWKHP$IWHU WKH DLUERUQH VSUHDG RI SVHXGRUDELHV KDG EHHQ GHPRQVWUDWHG *ORVWHU HW DO 'DQLVK DQG$PHULFDQ JURXSV VWXGLHG WKH HIIHFW RI QHLJKERXUKRRG DQG WKH VSDWLRWHPSRUDOGLVWULEXWLRQRIRXWEUHDNV UHVSHFWLYHO\ 0RUWHQVHQHW DO 1RUPDQHW DO  ,Q WKH'DQLVK VWXGLHV WKH HIIHFW RI KHUG VL]H  GLUHFWO\ LQWURGXFHG LQ D &R[PRGHO ± ZDV IRXQGVLJQLILFDQW)ROORZLQJWKLV:LOOHEHUJSURSRVHGDVLPSOHPRGHOWRGHVFULEHWKHHIIHFWRIKHUGVL]HLQSLJGLVHDVHV,IDOOWKHDQLPDOVDUHIUHHIURPWKHGLVHDVHDQGZLWKDQLQGLYLGXDOSUREDELOLW\RILQIHFWLRQSWKHKHUGSUREDELOLW\RILQIHFWLRQ3 LVIRUDKHUGRIVL]H1 1S3  
)RU ORZYDOXHVRIS3 LVDSSUR[LPDWHO\ 1S7KHQ UHODWLYH ULVNDQGRGGVUDWLRDUHHTXDO WR

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$VWKHLQKDOHGGRVHLVOLQNHGWRWKHGLVWDQFHWRDQLQIHFWHGVRXUFHWKHIRUPHUUHODWLRQLPSOLHVWKDWDELJKHUGORFDWHGIDUIURPDQRXWEUHDNFRXOGKDYHWKHVDPHSUREDELOLW\RILQIHFWLRQDVDVPDOOKHUGORFDWHGFORVHWRWKHVRXUFH0RUHRYHUDYHU\ORZGRVHFRXOGEHVXIILFLHQWWRVHWXSWKH LQIHFWLRQ LI D ORW RI DQLPDOV KDYH EHHQ H[SRVHG &RQYHUVHO\ WKLV LPSOLHV WKDW PDQ\DQLPDOVDUHUHTXLUHGWRHYDOXDWHWKHPLQLPDOGRVHWRVHWXSWKHLQIHFWLRQ$VWKHH[SHULPHQWDOLQIHFWLRQVRIWHQLQYROYHGIHZDQLPDOVFXUUHQWPLQLPDOGRVHVDUHSUREDEO\RYHUHVWLPDWHG,IWKHSDUDPHWHURIWKHLQGLYLGXDOGRVHHIIHFWFXUYHZHUHNQRZQKHUGSUREDELOLW\RILQIHFWLRQFRXOGEHGLUHFWO\ HVWLPDWHG$V WKHVHSDUDPHWHUVDUHXQNQRZQ HTXDWLRQ  VXJJHVWVXVLQJWKH ORJDULWKP RI WKH SURGXFW RI WKH LQGLYLGXDO GRVH DQG WKH KHUG VL]H ORJVL]HLQGLYLGXDO GRVH 7KLV FRXOG EH D ZD\ RI UDQNLQJ WKH KHUGV DFFRUGLQJ WR WKH ULVN RIDLUERUQHFRQWDPLQDWLRQ
5HIHUHQFHV
&DVDO - 0RUHVR 0 3ODQDV&XFKL ( DQG &DVDO -  6LPXODWHG DLUERUQH VSUHDG RI$XMHV]N\
VGLVHDVHDQG)RRWDQG0RXWKGLVHDVH9HWHULQDU\UHFRUG&ROOHW'0RGHOOLQJELQDU\GDWD&KDSPDQ	+DOO'DFXQKD&DVWHOOH' DQG'XIOR0 3UREDELOLWpV HW VWDWLVWLTXHV 3UREOqPHV j WHPSVPRELOHV 3DULV0DVVRQ'RQDOGVRQ$*LEVRQ&2OLYHU5+DPEOLQ&.LWFKLQJ5 ,QIHFWLRQRI FDWWOHE\DLUERUQH)RRWDQG0RXWKGLVHDVHYLUXVPLQLPDOGRVHVZLWK2DQG6$7VWUDLQV5HVHDUFKLQYHWHULQDU\VFLHQFH*ORVWHU - 'RQDOGVRQ $ DQG +RXJK 0  $QDO\VLV RI D VHULHV RI RXWEUHDNV RI$XMHV]N\
V GLVHDVH LQ <RUNVKLUH LQ  WKH SRVVLELOLW\ RI DLUERUQH GLVHDVH VSUHDG9HWHULQDU\UHFRUG+XJK-RQHV 0  (SLGHPLRORJLFDO VWXGLHV RQ WKH  )RRWDQG0RXWK GLVHDVHHSLGHPLF$WWDFNUDWHVDQGFDWWOHGHQVLW\5HVHDUFKLQYHWHULQDU\VFLHQFH0RUWHQVHQ60LNNHOVHQ77K\NLHU1LHOVHQ6DQG:LOOHEHUJ30RGHOOLQJWKHHIIHFWRI H[SRVXUH IURP QHLJKERXULQJ KHUGV RQ WKH KD]DUG RI DLUERUQH LQIHFWLRQ ZLWK $XMHV]N\
VGLVHDVHYLUXVZLWKDPHWHRURORJLFDOGLVSHUVLRQPRGHO.HQ\DYHWHULQDULDQ












$ GHFLVLRQ WUHH IRU RSWLPLVLQJ FRQWURO PHDVXUHVGXULQJWKHHDUO\VWDJHVRID)RRWDQG0RXWK'LVHDVHHSLGHPLF
)+07RPDVVHQ$GH.RHLMHU0&00RXULWV$'HNNHU$%RXPD5%0+XLUQH
$EVWUDFW$ GHFLVLRQ WUHH ZDV GHYHORSHG DV D WRRO WR VXSSRUW GHFLVLRQPDNLQJ FRQFHUQLQJ FRQWUROPHDVXUHV LQ WKH ILUVW IHZGD\V IROORZLQJ WKHGHFODUDWLRQRIDQRXWEUHDNRI)RRWDQG0RXWK'LVHDVH)0'7KHREMHFWLYHRI WKHWUHHZDVWRPLQLPLVHGLUHFWFRVWVDQGH[SRUW ORVVHVRI)0'HSLGHPLFVLQVHYHUDOVFHQDULRV7KHVHVFHQDULRVZHUHEDVHGRQLPSRUWDQWGHWHUPLQDQWVLQWKHGHYHORSPHQWRIHSLGHPLFVDQGWKHUHIRUHGHILQHGE\ OLYHVWRFNDQGKHUGGHQVLW\ LQ WKHRXWEUHDNUHJLRQ WKHSRVVLELOLW\RIDLUERUQHVSUHDGDQG WKH WLPHEHWZHHQILUVW LQIHFWLRQDQGILUVWGHWHFWLRQ7KH VWDUWLQJ SRLQW RI WKH WUHH ZDV DQ HSLGHPLRORJLFDO PRGHO EDVHG RQ D GHWHUPLQLVWLF6XVFHSWLEOH,QIHFWLRXV5HFRYHUHG DSSURDFK 7KH HIIHFW RI IRXU FRQWURO VWUDWHJLHV RQ )0'G\QDPLFV ZDV PRGHOOHG ,Q DGGLWLRQ WR WKH VWDQGDUG FRQWURO VWUDWHJ\ RI VWDPSLQJRXW DQGFXOOLQJKLJKULVNFRQWDFWKHUGVVWUDWHJLHVZHUHDVVHVVHGLQYROYLQJULQJFXOOLQJZLWKLQNPRIDQ LQIHFWHG KHUG ULQJ YDFFLQDWLRQ ZLWKLQ  NP RI DQ LQIHFWHG KHUG DQG ULQJ YDFFLQDWLRQZLWKLQNPRIDQLQIHFWHGKHUG$QHFRQRPLFPRGHOFRQYHUWHGRXWEUHDNDQGFRQWUROHIIHFWVRIIDUPLQJDQGSURFHVVLQJRSHUDWLRQVLQWRHVWLPDWHVRIGLUHFWFRVWVDQGFRQVHTXHQWLDOH[SRUWORVVHV5HVXOWV VKRZHG WKDW DQLPDO GHQVLW\ ZLWKLQ WKH RXWEUHDN UHJLRQ LV D YHU\ LPSRUWDQWGHWHUPLQDQWLQGHFLGLQJXSRQWKHHFRQRPLFDOO\RSWLPDOFRQWUROVWUDWHJ\5LQJYDFFLQDWLRQLVWKHHFRQRPLFDOO\RSWLPDOFRQWUROVWUDWHJ\IRUGHQVHO\ SRSXODWHGOLYHVWRFNDUHDVZKHUHDVULQJFXOOLQJLVWKHHFRQRPLFDOO\RSWLPDOFRQWUROVWUDWHJ\IRUVSDUVHO\ SRSXODWHGOLYHVWRFNDUHDV
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 D OLYHVWRFN DQG KHUG GHQVLW\ LQ WKHRXWEUHDNUHJLRQ'H9RVHWDO*HUELHU E WKHSRVVLELOLW\RIDLUERUQH VSUHDG'RQDOGVRQ HW DO  DQG F WKH KLJKULVN SHULRG +53ZKLFK LV GHILQHG DV WKH WLPHLQWHUYDOEHWZHHQILUVWLQIHFWLRQDQGILUVWGHWHFWLRQ+RUVW,Q)LJXUHHDFKVFHQDULRLV GHVFULEHG E\ D UHJLRQ ZKLFKZDV GHVFULEHG E\ OLYHVWRFN GHQVLW\ DQG KHUG GHQVLW\ WKHSRVVLELOLW\RIDLUERUQHVSUHDGDQGWKH+53

)LJXUH 6FHQDULRVLQWKHPRGXOH
(SLGHPLRORJLFDOPRGXOH$ PDWKHPDWLFDO PRGHO ZDV FRQVWUXFWHG WR HVWLPDWH WKH HIIHFW RI FRQWURO VWUDWHJLHV LQ WKHVHSDUDWH UHJLRQV $ SUHYLRXVO\ GHVFULEHG GHWHUPLQLVWLF 6XVFHSWLEOH,QIHFWLRXV5HFRYHUHG6,5PRGHO'H-RQJ6WHJHPDQHWDOZDVDSSOLHGWRGHVFULEHWKHWUDQVPLVVLRQRI)0'9EHWZHHQKHUGV,QWKLVPRGHO6LVWKHQXPEHURIVXVFHSWLEOHKHUGV,WKHQXPEHURILQIHFWLRXVKHUGVDQG5WKHQXPEHURIUHFRYHUHGKHUGV%HFDXVHKHUGVDUHGHSRSXODWHGXSRQGHWHFWLRQ5 DWDOO WLPHVLQ WKLVVWXG\,QWKHPRGHO WKHUDWHDWZKLFKVXVFHSWLEOHKHUGVEHFRPHLQIHFWHGFDQEHGHVFULEHGDV&  6,1LQZKLFK&LVGHILQHGDVWKHQXPEHURIYLUXVLQWURGXFWLRQVSHUXQLWRIWLPHLQWRDVXVFHSWLEOHKHUG DVWKHLQIHFWLRQUDWHSDUDPHWHUDQG1DVWKHWRWDOQXPEHURIKHUGV)XUWKHUPRUHLQIHFWHGKHUGVDUHGHSRSXODWHGDWWKHUDWH' . ,LQZKLFK'LVGHILQHGDVWKHQXPEHURILQIHFWHGKHUGVGHSRSXODWHGSHUXQLWRIWLPHDQG. DV WKHGHSRSXODWLRQ UDWHSDUDPHWHU7KHSDUDPHWHU. LV WKH LQYHUVHRI7 WKHDYHUDJHSHULRGWKDWDKHUGLVLQIHFWLRXV7KHWUDQVPLVVLRQRI)0'9EHWZHHQKHUGVFDQEHH[SUHVVHGDVWKHKHUGUHSURGXFWLRQUDWLR5KZKLFKLVGHILQHGDVWKHDYHUDJHQXPEHURIRXWEUHDNVFDXVHGE\RQHLQLWLDOLQIHFWHGKHUG7KH5K FDQEHHVWLPDWHGIURP5K   . 6WHJHPDQHWDO)URPWKHGHILQLWLRQRI5K LWIROORZVWKDWLI5K LVWKHHSLGHPLFZLOOIDGHRXWDXWRPDWLFDOO\2QWKHRWKHUKDQGLI5K LV!WKHYLUXVZLOOFRQWLQXHWRVSUHDG'H-RQJ'LHNPDQQDQG2RVWHUEHHN.QRZOHGJHDQGIDFWXDOLQIRUPDWLRQDERXWWKHSUHFLVHWUDQVPLVVLRQURXWHVRI)0'DUHVFDUFH7KLV LV LQ FRQWUDVW WR&6) IRU H[DPSOH VHH 6WHJHPDQ HW DO  DQG'H9RV HW DO LQSUHVV%RWKGLVHDVHVDUHOLVW$GLVHDVHVDQGVSUHDGYLDDSSUR[LPDWHO\WKHVDPHWUDQVPLVVLRQURXWHV (OEHUV HW DO 'RQDOGVRQ HW DO 'H9RV HW DO LQ SUHVV 7KHUHIRUH WR





(FRQRPLFPRGXOH7KHSXUSRVHRIWKHHFRQRPLFPRGXOHZDVWRTXDQWLI\SD\RIIVWKDWFRXOGWKHQEHXVHGLQWKHGHFLVLRQWUHHPRGXOHDVWKHHFRQRPLFFRQVHTXHQFHVRIFRQWUROVWUDWHJLHVVHH3D\RIIVZHUHGHILQHGDVWKHGLUHFWFRVWVDQGFRQVHTXHQWLDOH[SRUWORVVHVRIWKHVSUHDGDQGFRQWURORIDQ )0' HSLGHPLF 7KH GLUHFW FRVWV ZHUH GHILQHG DV WKH HFRQRPLF LPSOLFDWLRQV IRU SURGXFHUVLQ WKHHQWLUHOLYHVWRFNYDOXHFKDLQZKRVHLQFRPHGHSHQGVRQ WKH OLYHVWRFNVHFWRUHJ IDUPHUV DEDWWRLUV KDXOLHUV DQG PHDW SURFHVVRUV DQG IRU  WKH JRYHUQPHQW WKDW LVRUJDQLVLQJ WKHGLVHDVH FRQWURO'LUHFW FRVWV DUHJHQHUDWHGE\ WKH LPSOHPHQWDWLRQRI FRQWUROPHDVXUHV VXFK DV FRVWV RI DQLPDO VODXJKWHU DQG YDFFLQDWLRQ FRPSHQVDWLRQ SD\PHQWV DQGFRVWV GXH WR PRYHPHQW UHVWULFWLRQV DV ZHOO DV LGOH SURGXFWLRQ IDFWRUV %HUHQWVHQ HW DOE$QHSLGHPLFFRXOG DOVRKDYH FRQVHTXHQWLDO H[SRUW ORVVHV %HUHQWVHQHW DO E*DUQHUDQG/DFN0DKXODQG'XUDQG7KHVHORVVHVZHUHGHILQHGDVWKHYDOXHRIOLYHVWRFNDQGOLYHVWRFNSURGXFWVWKDWFRXOGQRWEHH[SRUWHGEHFDXVHRIWUDGHUHVWULFWLRQVGXHWRWKH)0'HSLGHPLF,Q WKLVPRGXOH WKHGLUHFW FRVWV DQGFRQVHTXHQWLDO H[SRUW ORVVHVZHUHFDOFXODWHG LQ D UDWKHUREMHFWLYH ZD\ XVLQJ VHYHUDO VWDWLVWLFDO GDWDEDVHV 6WDWLVWLFV 1HWKHUODQGV  3URGXFW%RDUGV IRU/LYHVWRFN0HDW DQG(JJV  3URGXFW%RDUG IRU'DLU\  7KHPRGXOHZDVSURJUDPPHGLQ([FHO0LFURVRIW&RUSRUDWLRQ
,QSXWGDWDIRUGLUHFWFRVWV7KHHFRQRPLFPRGXOHXVHGWKHRXWSXWVIURPWKHHSLGHPLRORJLFDOPRGXOHVHH)LJXUH7RFDOFXODWHWKHGLUHFWFRVWVLWXVHGWKHQXPEHURIDIIHFWHGKHUGVWKHGXUDWLRQRIHSLGHPLFVDQGWKHVL]HRIDUHDVVXEMHFWHGWRPRYHPHQWUHVWULFWLRQV7KHQXPEHURIFXOOHGRUYDFFLQDWHGDQLPDOVZDVDOVRFDOFXODWHG7KHVHFDOFXODWLRQVZHUHEDVHGRQOLYHVWRFNDQGKHUGGHQVLWLHVLQWKHRXWEUHDNUHJLRQDQGWKHHVWLPDWHGQXPEHURIFRQWDFWKHUGVEDVHGRQ WKHFDOFXODWHG5KGXULQJWKHSHULRGEHWZHHQILUVW LQIHFWLRQDQGILUVWGHWHFWLRQ7KHGXUDWLRQRIHSLGHPLFVZDVORQJHUZKHQWKHFXOOLQJDQGUHQGHULQJFDSDFLW\ZDVQRWVXIILFLHQW7KHFXOOLQJDQGUHQGHULQJFDSDFLW\ZDVVHWDWIDUPVSHUGD\IRUWKH62DQG5&VWUDWHJLHVDQGDWIDUPVSHUGD\IRUWKH59DQG59VWUDWHJLHV)RUHDFKVFHQDULR WKHGLUHFWFRVWVZHUHFDOFXODWHGDVFRVWVSHUGDLU\FRZVRZRU IDWWHQLQJSLJWKDWZDVHLWKHUFXOOHGRUSXWXQGHUPRYHPHQWUHVWULFWLRQV,QSXWYDOXHVIRUFDOFXODWLQJWKHGLUHFW FRVWV DUH UHSUHVHQWHG LQ7DEOH7KHVHYDOXHVZHUH FDOFXODWHGEDVHGRQ VWDWLVWLFV

IURP WKH$JULFXOWXUDO ,QIRUPDWLRQDQG.QRZOHGJH&HQWUHDQG5HVHDUFK6WDWLRQ IRU$QLPDO+XVEDQGU\ DQGHVWLPDWHVRI WKH1DWLRQDO ,QVSHFWLRQ6HUYLFHIRU/LYHVWRFNDQG0HDW0HXZLVVHQ HW DO  2UJDQLVDWLRQ FRVWV UHIHU WR FRVWV RI GLDJQRVLV YDOXDWLRQ RI WKHDQLPDOVNLOOLQJFOHDQVLQJDQGGLVLQIHFWLQJRIVWDEOHVDQGHTXLSPHQWDQGVXUYHLOODQFHLQWKHSURWHFWLRQ DQG VXUYHLOODQFH ]RQHV &RPSHQVDWLRQ SD\PHQWV DUH JRYHUQPHQWDO SD\PHQWV WRIDUPHUV ZKRVH DQLPDOV ZHUH FXOOHG 7KHVH SD\PHQWV ZHUH FDOFXODWHG DV WKH UHSODFHPHQWYDOXHVRIWKHDQLPDOVDQGIHHGVXSSOLHV&RVWVIURPLGOHSURGXFWLRQIDFWRUVZHUHFDOFXODWHGDVWKH IL[HGFRVWVGHFUHDVHGE\ UHOHDVHG ODERXU WKDWFRXOGKDYHEHHQGHSOR\HGHOVHZKHUH7KHFRVWV RI PRYHPHQW UHVWULFWLRQV ZHUH FDOFXODWHG DV WKH FRVWV IRU DGGLWLRQDO IHHG IRUPDLQWHQDQFHDQGRWKHUVXSSO\DQGGHOLYHU\SUREOHPVEHFDXVHRIWKHUHVWULFWLRQV9DFFLQDWLRQFRVWV LQFOXGHODERXUDQGPDWHULDOFRVWVRI WKHYDFFLQDWLRQ WHDPV0DQJHQHWDO)RUVKHHSDQGJRDWVRQO\WKHUHSODFHPHQWYDOXHVZHUHLQFOXGHGEHFDXVHDODUJHQXPEHURIWKHVHDQLPDOVDUHNHSWDVSHWV7KHORVVHVIRUVXSSO\LQJSURFHVVLQJDQGGLVWULEXWLRQFRPSDQLHVZHUHFDOFXODWHGDVKDOIRIWKHJURVVYDOXHDGGHGRIDJULFXOWXUDOSURGXFWLRQWKDWGLGQRWWDNHSODFHGXHWRWKHLPSOHPHQWHGFRQWUROVWUDWHJLHV7KHGLVWULEXWLRQRI WKHJURVVYDOXHDGGHGZLWKLQWKH OLYHVWRFNSURGXFWLRQFKDLQLVVKRZQLQDSSHQGL[,,,.RROHDQG9DQ/HHXZHQ




,QSXWGDWDIRUFRQVHTXHQWLDOH[SRUWORVVHV7KH H[WHQW RI WKH FRQVHTXHQWLDO H[SRUW ORVVHV GHSHQGV RQ WKH GXUDWLRQ DQG VL]H RI WKHHSLGHPLFDQGWKHUHDFWLRQVE\LPSRUWLQJFRXQWULHVGXULQJDQGDIWHUWKHHSLGHPLF7KHVWXGLHVRI0DKXOHWDODQG%HUHQWVHQHWDOVKRZHGWKDWLPSRUWEDQVLPSOHPHQWHGE\WKH LPSRUWLQJ FRXQWULHV SOD\ D NH\ UROH LQ WKH HYDOXDWLRQ RI HFRQRPLF FRQVHTXHQFHV RI DQ)0'HSLGHPLF7KH GXUDWLRQ DQG VL]H RI WKH HSLGHPLF UHVXOWHG IURP WKH HSLGHPLRORJLFDO PRGXOH )RU WKHSRVVLEOHUHDFWLRQVRILPSRUWLQJFRXQWULHVWZRVFULSWVZHUHIRUPXODWHG2QHVFULSWZDVEDVHGRQ2,(JXLGHOLQHVVHH7DEOHD

$FFRUGLQJ WR WKH 2,( ,QWHUQDWLRQDO $QLPDO +HDOWK &RGH FRXQWULHV UHFRYHU WKHLU VWDWXV RI)0'IUHH]RQHZLWKRXWYDFFLQDWLRQDIWHULPRQWKVDIWHUVODXJKWHULQJRIWKHODVWLQIHFWHGKHUGZKHQWKHUHLVQRYDFFLQDWLRQVWUDWHJ\LPSOHPHQWHGEXWRQO\VWDPSLQJRXWDQGSUHYHQWLYHVODXJKWHU RU LL PRQWKV DIWHU VODXJKWHULQJ RI WKH ODVW YDFFLQDWHG KHUG LI D FDPSDLJQ RIHPHUJHQF\YDFFLQDWLRQLVDSSOLHG2IILFH,QWHUQDWLRQDOGHV(SL]RRWLHV+RZHYHU UHDFWLRQV RI LPSRUWLQJ FRXQWULHV GXULQJ DQG DIWHU HSLGHPLFV LQ WKH SDVW KDYHLQGLFDWHG WKDW WKHVH FRXQWULHV GLG QRW UHVSHFW WKH 2,( JXLGHOLQHV )RU WKLV UHDVRQ D PRUHUHDOLVWLF VFULSW 5($ZDV GHILQHG EDVHG RQ LQWHUQDWLRQDO WUDGH UHVWULFWLRQV DSSOLHG GXULQJHSLGHPLFV LQ WKH SDVW HJ ,WDO\  *UHHFH  *UHDW %ULWDLQ DQG 7KH 1HWKHUODQGV 7KHDVVXPHGLPSRUWEDQVDUHPHQWLRQHGLQ7DEOHE$VVXPSWLRQVRQWKHGXUDWLRQRILPSRUWEDQVZHUHEDVHGRQUHVXOWVRISUHYLRXVVWXGLHVRI%HUHQWVHQHWDODQG0DKXOHWDO DQGH[SHULHQFHVRIUHFHQWRXWEUHDNV &RPPLVVLRQ'HFLVLRQV(&DQG(&,Q ERWK VFULSWV WKUHH H[SRUW SURGXFW JURXSV ZHUH GLVWLQJXLVKHG  OLYHVWRFN  PHDWSURGXFWVDQGGDLU\SURGXFWV7KH LPSRUWLQJFRXQWULHVZHUHGLYLGHG LQWRDJURXSRI(8FRXQWULHV DQGQRQ(8FRXQWULHV1H[W IRU HDFK FRPELQDWLRQRI SURGXFW JURXS DQG FRXQWU\JURXS LWZDV GHWHUPLQHG KRZ ORQJ DQ LPSRUW EDQZRXOG EH HIIHFWLYH DQGZKHWKHU WKH EDQZRXOG EH DW D QDWLRQDO RU UHJLRQDO OHYHO $ UHJLRQDO LPSRUW EDQPHDQV DQ LPSRUW EDQ IRUSURGXFWV FRPLQJ IURP UHJLRQV DURXQG LQIHFWHG IDUPV LQ UDGLL RI  NP %HFDXVH UHJLRQDOH[SRUWGDWDZDVXQDYDLODEOHWKHDVVXPSWLRQZDVPDGHWKDWH[SRUWVZHUHSURSRUWLRQDOWRWKHUHJLRQDOSURGXFWLRQ0DKXODQG'XUDQG




















7KH HSLGHPLRORJLFDO PRGXOH VLPXODWHG WKH GLVHDVH G\QDPLFV WKH HFRQRPLF PRGXOHFRQYHUWHGRXWEUHDNDQGFRQWURO HIIHFWV LQWRHVWLPDWHVRIGLUHFW FRVWV DQG H[SRUW ORVVHV DQGILQDOO\DGHFLVLRQWUHHPRGXOHRSWLPLVHGGHFLVLRQVRQFRQWUROVWUDWHJLHV

(SLGHPLRORJLFDOUHVXOWV7KH HSLGHPLRORJLFDO PRGXOH JHQHUDWHG WKH KHUG UHSURGXFWLRQ UDWLRV 5K IRU HDFKFRPELQDWLRQ RI UHJLRQ FRQWURO VWUDWHJ\ DQG WKH SRVVLELOLW\ RI DLUERUQH VSUHDG VHH 7DEOH:KHQ WKH 5K  H[DFW QXPEHUV DUH QRW VKRZQ EHFDXVH WKH HSLGHPLFZLOO IDGH RXWDXWRPDWLFDOO\ 7KH UHVXOWV LQGLFDWH WKDW WKH 62VWUDWHJ\ LV QRW DGHTXDWH IRU VWRSSLQJ WKHHSLGHPLFLQWKHUHJLRQVDQGLQWKHVFHQDULRVZLWKDLUERUQHVSUHDGEHFDXVHWKH5K LV!$GGLWLRQDOPHDVXUHVDUHQHFHVVDU\,QWKHRWKHUWKUHHUHJLRQVWKH62VWUDWHJ\HUDGLFDWHVWKHYLUXVEHFDXVH5K LV:LWKDGGLWLRQDOPHDVXUHVWKH5KFRXOGEHUHGXFHGDQGOLNHZLVHWKHQXPEHURILQIHFWHGIDUPVDQGWKHGXUDWLRQRIWKHHSLGHPLF,QWKHFDVHRIDLUERUQHVSUHDGWKH5&VWUDWHJ\LVQRWYHU\HIIHFWLYHLQUHJLRQHLWKHUEHFDXVHRI WKHKLJK OLYHVWRFNDQGKHUGGHQVLWLHVDVZHOODVWKHOLPLWHGFXOOLQJFDSDFLW\5LQJYDFFLQDWLRQLVWKHQWKHRQO\RSWLRQLQWKLVUHJLRQIRUHUDGLFDWLQJWKHYLUXV
7DEOH 5K IRUHDFKUHJLRQFRQWUROVWUDWHJ\DQGWKHSRVVLELOLW\RIDLUERUQHVSUHDG5HJLRQ       :LWKRXWFRQWURO       62 DLUERUQHVSUHDGQRDLUERUQHVSUHDG       5& DLUERUQHVSUHDGQRDLUERUQHVSUHDG       59 DLUERUQHVSUHDGQRDLUERUQHVSUHDG       59 DLUERUQHVSUHDGQRDLUERUQHVSUHDG       
(FRQRPLFUHVXOWV7KHHFRQRPLFPRGXOHFDOFXODWHGWLPHVVFHQDULRVSHUUHJLRQFRQWUROVWUDWHJLHVVFULSWVIRUSRVVLEOHLPSRUWEDQVWKHGLUHFWFRVWVDQGFRQVHTXHQWLDOH[SRUWORVVHVRIDQ)0'HSLGHPLF 7R JLYH DQ LQGLFDWLRQ RI WKH PDLQ UHVXOWV WKH H[WUHPHV LQ VL]HV DQG HFRQRPLFFRQVHTXHQFHVZLWKLQWKHVHFDOFXODWLRQVDUHSUHVHQWHGLQ7DEOH,QWKHUHJLRQVDQGLQWKHZRUVWFDVHVFHQDULRVWKHHSLGHPLFEHFRPHVHQGHPLF7KHVHUHVXOWVDOVRLQGLFDWHWKDWWKHH[SRUWORVVHVDUHPXFKKLJKHUWKDQWKHGLUHFWFRVWV7KLVLVYDOLGIRUERWKVFULSWVDOWKRXJKH[SRUWORVVHVLQWKH2,(VFULSWZHUHORZHUWKDQLQWKH5($VFULSW

7DEOH ([WUHPHVLQVL]HVDQGHFRQRPLFFRQVHTXHQFHVRI)0'HSLGHPLFVLQHDFKUHJLRQ5HJLRQ       'XUDWLRQGD\V 0LQ0D[ HQGD HQG HQG HQG   1RLQIHFWHGKHUGV 0LQ0D[ HQG HQG HQG HQG   0RYHPHQWFRQWURO 0LQVXUIDFHNP 0D[ HQG HQG HQG HQG   'LUHFWFRVWV 0LQ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7KHUHJLRQVXVHGIRUWKLVGHILQLWLRQDUHDUHDVZLWKDVXUIDFHRIDWOHDVWNPWKDWPXVWEHFRQWUROOHGE\ FRPSHWHQW DXWKRULWLHV DQG DW OHDVW FRPSULVH RQH RI D FHUWDLQ PHPEHU VWDWHGHSHQGHQWDGPLQLVWUDWLYH DUHD HJ SURYLQFHV LQ %HOJLXP ,WDO\ DQG 6SDLQ FRXQWLHV LQ WKH 8QLWHG.LQJGRPDQG ,UHODQGDQGGHSDUWPHQWV LQ)UDQFH &RXQFLO'LUHFWLYH((&$UWLFOH&(&8VLQJ WKH(8GHILQLWLRQRIDSULPDU\RXWEUHDNPRUHSULPDU\RXWEUHDNVFDQ
 7KHIRFXVLQWKLVDUWLFOHLVRQ&6)9LQWURGXFWLRQLQWRWKHGRPHVWLFSLJSRSXODWLRQRIDUHJLRQ9LUXVLQWURGXFWLRQLQWRWKHZLOGERDUSRSXODWLRQKDVQRWEHHQFRQVLGHUHGEHFDXVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVXVHGDUHGLIIHUHQW&(&DVZHOODVWKHHFRQRPLFFRQVHTXHQFHVRIVXFKDQLQWURGXFWLRQ

RFFXUZLWKLQ RQH HSLGHPLF LI WKH YLUXV LV VSUHDG IURPRQH UHJLRQ WR DQRWKHU 7KLVZDV WKHFDVH IRU H[DPSOH GXULQJ WKH  &6) HSLGHPLF LQ 7KH 1HWKHUODQGV LQ ZKLFK IRXUSULPDU\RXWEUHDNVZHUHUHFRUGHG,QWURGXFWLRQ RI WKH YLUXV LV LQGXFHG E\ VRFDOOHG SDWKZD\V 7KHVH DUH WKH FDUULHUV DQGPHFKDQLVPVWKDWFDQWUDQVPLWDYLUXVIURPDQLQIHFWHGWRDVXVFHSWLEOHDQLPDO3DWKZD\VFDQHLWKHU EH H[RJHQRXV RU HQGRJHQRXV ([RJHQRXV SDWKZD\V DUH OLQNHG ZLWK YLUXV VRXUFHVRXWVLGHWKHUHJLRQZKHUHWKH\PLJKWFDXVHDSULPDU\RXWEUHDNZKHUHDVHQGRJHQRXVSDWKZD\VUHVLGHZLWKLQWKHUHJLRQDIIHFWHG7KHUHJLRQVZKHUHH[RJHQRXVSDWKZD\VPD\FRPHIURPDUHFDOOHGUHJLRQVRIRULJLQZKHUHDVWKHUHJLRQDIIHFWHGLVFDOOHGWKHWDUJHWDUHD
 3DWKZD\GLDJUDP




































































































































































































































































































































:KHWKHU RU QRW SUHYHQWLYH DFWLRQV VXFFHHG LQ GHWHFWLQJ DQGRU LQDFWLYDWLQJ WKH YLUXV LVHYDOXDWHGDWWKHWKLUGOHYHO2QO\DVHOHFWLRQRISUHYHQWLYHPHDVXUHVLVJLYHQLQWKHGLDJUDP0RVWDGGLWLRQDOSUHYHQWLYHPHDVXUHVWKDWFDQEHWDNHQE\DUHJLRQHJWHVWLQJRUTXDUDQWLQHFDQEHDGGHGWRWKHSDWKZD\GLDJUDPDWWKLVOHYHO,I WKHYLUXV LV VWLOOSUHVHQWDIWHUSDVVLQJ WKH WKLUG OHYHOYLUXV WUDQVIHU WR VXVFHSWLEOHGRPHVWLFDQLPDOV FDQRFFXUE\ WZRPDLQ URXWHV VZLOO IHHGLQJ WR RU GLUHFW RU LQGLUHFW FRQWDFWZLWK VXVFHSWLEOH DQLPDOV:KLFK URXWH LV UHOHYDQW GHSHQGV RQ WKH SDWKZD\ IRU YLUXV LQWURGXFWLRQ9LUXVWUDQVIHUZLOORQO\UHVXOWLQDQRXWEUHDNLIWKHYLUXVFRQYH\HGFRQVWLWXWHVDQLQIHFWLYHGRVH7KHUH LV KRZHYHU RQH H[FHSWLRQ WR WKLV JHQHUDO SDWWHUQ LPSRUW RI DQ LQIHFWHG OLYH DQLPDOOHJDOO\RULOOHJDOO\ZLOODOZD\VOHDGWRDQRXWEUHDNLIWKHDQLPDOVXUYLYHVDQGLQIHFWLRQLVQRWGHWHFWHGLQWLPH,QVXFKFDVHVVZLOOIHHGLQJRUFRQWDFWZLWKVXVFHSWLEOHDQLPDOVLVQRWUHTXLUHGLQRUGHUWRFDXVHDSULPDU\RXWEUHDNVLQFHWKHLPSRUWHGDQLPDOEHFRPHVSDUWRIWKHOLYHVWRFNSRSXODWLRQ)RU HDFK SDWKZD\ WKH PDLQ HYHQWV OHDGLQJ WR D SULPDU\ &6) RXWEUHDN DUH VKRZQ LQ WKHSDWKZD\ GLDJUDP 7KHRUHWLFDOO\ HDFK HYHQW LQ WKH SDWKZD\ GLDJUDP FDQ EH DVVLJQHG DSUREDELOLW\ WKDW LWZLOO RFFXU7KHVH DUH DOO FRQGLWLRQDO SUREDELOLWLHV LH WKH SUREDELOLW\ RIRFFXUUHQFHRIDFHUWDLQHYHQWJLYHQWKDWDOOSUHYLRXVHYHQWVKDYHRFFXUUHG7RJLYHDQH[DPSOHYLUXV LQWURGXFWLRQE\WKHSDWKZD\µUHWXUQLQJ OLYHVWRFN WUXFNV¶ZLOORQO\RFFXU LID OLYHVWRFNWUXFNUHWXUQVWRWKHUHJLRQDIWHUYLVLWLQJDQLQIHFWHGUHJLRQLIWKLVWUXFNLVFRQWDPLQDWHGZLWKYLUXVLILWLVQRWGLVLQIHFWHGSURSHUO\LILWFRPHVLQWRFRQWDFWZLWKVXVFHSWLEOHDQLPDOVDQGLIWKHYLUXVGRVHFRQYH\HGLVDWOHDVWWKHPLQLPXPLQIHFWLYHGRVH
 4XDOLWDWLYHDVVHVVPHQWRI WKHSUREDELOLW\RI&6)9LQWURGXFWLRQ LQWRGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDV
7KHSDWKZD\GLDJUDPLQ)LJXUHZDVXVHGWRTXDOLWDWLYHO\DVVHVVWKHSUREDELOLW\RI&6)9LQWURGXFWLRQ IRU ILYH GHQVHO\ DQG ILYH VSDUVHO\ SRSXODWHG OLYHVWRFN DUHDV LQ WKH (8,QIRUPDWLRQ DERXW WKH SUHVHQFH RI SDWKZD\V OHYHO  RI WKH SDWKZD\ GLDJUDP DQG WKHSRVVLELOLW\RISDWKZD\VSDVVLQJ WKHYLUXV WRVXVFHSWLEOHGRPHVWLFSLJVOHYHOZDVXVHG WRFODVVLI\WKHUHJLRQVDFFRUGLQJWRWKHLUSUREDELOLW\RI&6)9LQWURGXFWLRQ%DVLF LQIRUPDWLRQDYDLODEOHIRUHDFKUHJLRQLVSUHVHQWHG LQ7DEOH$7KLV LQIRUPDWLRQZDVXVHGWRFDOFXODWHSLJDQGIDUPGHQVLW\DQGWRGHULYHDQHVWLPDWHRI WKHQXPEHURISLJVH[SRUWHGRULPSRUWHGE\WKHUHJLRQ7DEOH%7KHHVWLPDWHVGHULYHGDUHWKHPLQLPXP










































































































































































































































































































































































































































































































































































































































































































































































































































   &RPSXWHU PRGHO IRU DVVHVVLQJ WKH SUREDELOLW\ RI &6)9 LQWURGXFWLRQTXDQWLWDWLYHO\
$ FRPSXWHU PRGHO ZDV GHYHORSHG WR FDOFXODWH WKH SUREDELOLWLHV RI &6)9 LQWURGXFWLRQ IRULQGLYLGXDOUHJLRQVLQWKH(8TXDQWLWDWLYHO\DQGLQPRUHGHWDLO7KHPDLQDLPRIWKLVPRGHOLVWRDQDO\VHZKLFKSDWKZD\VFRQWULEXWHWRWKHSUREDELOLW\RI&6)9LQWURGXFWLRQIRUDSDUWLFXODUUHJLRQWKHVRFDOOHGWDUJHWDUHDDQGIURPZKHUHLHZKLFKUHJLRQVRIRULJLQWKHVHSDWKZD\VRULJLQDWH)XUWKHUPRUHWKHPRGHOSURYLGHVLQVLJKWLQWRGLIIHUHQFHVEHWZHHQWDUJHWDUHDVZLWKUHJDUGWRWKHUDQNLQJRIFDXVDWLYHSDWKZD\VDQGUHJLRQVDQGWKHLULQWHUDFWLRQVDQGKHQFHWKHQHHGIRUGLYHUVLILFDWLRQRISUHYHQWLYHPHDVXUHV
0RGHOOLQJDSSURDFK7KHPRGHOFDOFXODWHVWKHSUREDELOLW\RI&6)9LQWURGXFWLRQLQWRWKHGRPHVWLFSLJSRSXODWLRQRIDWDUJHWDUHDE\GLIIHUHQWSDWKZD\VVHH)LJXUH7KHSUREDELOLW\RIYLUXVLQWURGXFWLRQE\ HQGRJHQRXV SDWKZD\V GHSHQGV RQO\ RQ WKH VLWXDWLRQ LQ WKH WDUJHW DUHD ZKHUHDV WKHSUREDELOLW\ RI YLUXV LQWURGXFWLRQ E\ H[RJHQRXV SDWKZD\V GHSHQGV RQ FRQGLWLRQV LQ WKHLUUHJLRQRIRULJLQDVZHOODVLQ WKHWDUJHWDUHD0RVWSUREDELOLWLHVFDOFXODWHGLQWKHPRGHODUHYHU\ORZDVWKH\DUHFDOFXODWHGSHUHSLGHPLFLQHDFKUHJLRQRIRULJLQDVZHOODVVHSDUDWHO\IRUHDFKH[RJHQRXVSDWKZD\7KHUHIRUHWKHVFHQDULRSDWKZD\DSSURDFKZDVXVHGDVDPRGHOOLQJWHFKQLTXH DQG QRW VLPXODWLRQ EHFDXVH LW UHTXLUHV UHODWLYHO\ OLWWOH FRPSXWLQJ WLPH DQG FDQHDVLO\ FDOFXODWH H[WUHPHO\ ORZ SUREDELOLWLHV 9RVH  7KH PRGHO ZDV FRQVWUXFWHG LQ0LFURVRIW([FHOZLWKWKHDGGLQSURJUDP#5LVN3DOLVDGH&RUSRUDWLRQ)RU HDFK SDWKZD\ LQ WKHPRGHO D VFHQDULR WUHHZDV FRQVWUXFWHG LQZKLFK WKH VHTXHQFH RIHYHQWVWKDWXOWLPDWHO\OHDGVWRWKHLQWURGXFWLRQRI&6)9LQWRWKHGRPHVWLFSLJSRSXODWLRQRIWKH WDUJHW DUHD LV GHWHUPLQHG 0LOOHU HW DO  2QO\ WKRVH HYHQWV WKDW DUH GHFLVLYH LQGHWHUPLQLQJZKHWKHUDQLQIHFWHGSDWKZD\XQLWZLOOWUDQVPLWYLUXVWRVXVFHSWLEOHDQLPDOVZHUHLQFOXGHGLQWKHVFHQDULRWUHHV(DFKHYHQWLQWKHVFHQDULRWUHHVZDVDVVLJQHGDSUREDELOLW\WKDWLW ZRXOG RFFXU 7KHVH ZHUH DOO FRQGLWLRQDO SUREDELOLWLHV 7R JHW WKH SUREDELOLW\ RI &6)9LQWURGXFWLRQ E\ D FHUWDLQ SDWKZD\ DOO SUREDELOLWLHV DORQJ LWV VFHQDULR WUHHZHUHPXOWLSOLHG7KHVFHQDULRWUHHVIRUWKHH[RJHQRXVSDWKZD\VZHUHFDOFXODWHGVHSDUDWHO\IRUHDFKUHJLRQRIRULJLQ&RPELQLQJWKHRXWFRPHRIDOOVFHQDULRWUHHFDOFXODWLRQVJDYHLQVLJKWLQWRWKHUHODWLYHFRQWULEXWLRQRIUHJLRQVDQGSDWKZD\VWRWKHSUREDELOLW\RI&6)9LQWURGXFWLRQIRUWKHWDUJHWDUHD&DOFXODWLRQVZHUH SHUIRUPHG IRU ILYH (8PHPEHU VWDWHV LH *HUPDQ\ )UDQFH ,WDO\ 7KH1HWKHUODQGVDQG%HOJLXP7KHVHDUH WKHVRFDOOHG WDUJHWDUHDV$OO(8PHPEHUVWDWHVZHUHLQFOXGHGLQWKHPRGHODVSRVVLEOHUHJLRQVRIRULJLQ1RWKLUGFRXQWULHVZHUHLQFOXGHG

,QSXW2FFXUUHQFHRI&6)&6) LV QRW HQGHPLF LQ WKH GRPHVWLF SLJ SRSXODWLRQ RI WKH (8 H[FHSW IRU WKH LVODQG RI6DUGLQLD ,WDO\ $QRQ\PRXV  7KH GLVHDVH VLWXDWLRQ ZLWK UHJDUG WR &6) LQ WKH (8PHPEHUVWDWHVZDVREWDLQHGIURPWKH$QLPDO'LVHDVH1RWLILFDWLRQ6\VWHP$'167KLVLVDQ (8 FRPSXWHULVHG GDWDEDVH LQ ZKLFK DOO SULPDU\ DQG VHFRQGDU\ RXWEUHDNV RI KLJKO\FRQWDJLRXVDQLPDOGLVHDVHVDUHUHFRUGHG$'16GRHVQRWKRZHYHUSURYLGH LQIRUPDWLRQRQOLQNVEHWZHHQRXWEUHDNVKHQFH WKHQXPEHURI&6)HSLGHPLFV WKDWRFFXUUHG LQ WKHPHPEHUVWDWHV FRXOG QRW EH GLUHFWO\ GHULYHG IURP WKLV GDWDEDVH 7KHUHIRUH WKH QXPEHU RI UHJLRQVH[SHULHQFLQJ DW OHDVW RQH SULPDU\ RXWEUHDN ZDV XVHG WR HVWLPDWH WKH DYHUDJH QXPEHU RIHSLGHPLFVSHU\HDU'DWDZDVXVHGIURPWKHSHULRGEHFDXVHIURPRQZDUGVPDVVYDFFLQDWLRQDJDLQVW&6)ZDVQRORQJHUDSSOLHGLQWKH(87HUSVWUDDQG'H6PLW7KHPLQLPXPDYHUDJHDQGPD[LPXPQXPEHURIUHJLRQVZLWKSULPDU\RXWEUHDNVSHU\HDUIRUWKLV \HDU SHULRG LV JLYHQ LQ 7DEOH  7KH DYHUDJH QXPEHUZDV XVHG DV WKH H[SHFWHGQXPEHURIHSLGHPLFVSHU\HDULQWKHPRGHO¶VFDOFXODWLRQV)RUWKRVHPHPEHUVWDWHVWKDWGLGQRWVXIIHUIURP&6)DWDOOGXULQJWKLVSHULRGWKHH[SHFWHGQXPEHURIHSLGHPLFVSHU\HDUZDVVHWDWXVLQJWKHH[SRQHQWLDOGLVWULEXWLRQ9RVH
(SLGHPLFV\HDU  ±H[S[E  
:LWK [   WLPH LQWHUYDO XVHG IRU WKH FDOFXODWLRQV LH \HDU DQG E   PLQLPXP LQWHUYDOEHWZHHQWZRHSLGHPLFVLH\HDU7KLVLVWKHKLJKHVWSRVVLEOHYDOXHVLQFHLWDVVXPHVWKDWL WKHHYHQW LVSRVVLEOHDQG LL LWRFFXUHGEHIRUH WKH ILUVWPRPHQWRIREVHUYDWLRQDQGZLOORFFXU DJDLQ LPPHGLDWHO\ DIWHU WKH ODVW PRPHQW RI REVHUYDWLRQ LH LQ WKH HOHYHQWK \HDUZKLFKLV)XUWKHUPRUH WKH GLVHDVH VLWXDWLRQ LQ WKH ZLOG ERDU SRSXODWLRQV RI WKH WDUJHW DUHDV ZDVFRQVLGHUHG&6) LV HQGHPLF LQ SDUWV RI WKHZLOG ERDU SRSXODWLRQV LQ*HUPDQ\ )UDQFH DQG,WDO\/DGGRPDGD7KHSUHYDOHQFHRILQIHFWLRQYDULHVSHUPHWDSRSXODWLRQ RIZLOGERDUDQGLVPRQLWRUHGXVLQJVDPSOLQJSURJUDPPHVHJ(OEHUVDQG'HNNHUV&UXFLqUHHWDO.HUQ 7KH UHJLRQV LQZKLFK LQIHFWHGZLOGERDU URDPDUH WKH%XQGHVOlQGHURI/RZHU6D[RQ\0HFNOHQEXUJ9RUSRPPHUQDQG%UDQGHQEXUJLQ*HUPDQ\WKHGHSDUWPHQWVRI0RVHOOHDQG%DV5KLQLQ)UDQFHDQGWKHSURYLQFHVRI1XRUR6DVVDULDQG2ULVWDQRDOORQWKHLVODQGRI6DUGLQLDDQG9DUHVHLQ,WDO\/DGGRPDGD

7DEOH 7KHPLQLPXPDYHUDJHDQGPD[LPXPQXPEHURIUHJLRQVSHU\HDULQHDFKFRXQWU\WKDWH[SHULHQFHGSULPDU\&6)RXWEUHDNVIRUWKHSHULRGVRXUFH$'16&RXQWULHV 0LQLPXP $YHUDJH 0D[LPXP*HUPDQ\   )UDQFH   ,WDO\   7KH1HWKHUODQGV   %HOJLXP   /X[HPERXUJ   8QLWHG.LQJGRP   ,UHODQG   'HQPDUN   *UHHFH   6SDLQ   3RUWXJDO   $XVWULD   )LQODQG   6ZHGHQ   
3DWKZD\VLQWKHPRGHO$OOSDWKZD\VWKDWSRVVLEO\FRQWULEXWHWRWKHSUREDELOLW\RI&6)9LQWURGXFWLRQZHUHLQFOXGHGLQWKHSDWKZD\GLDJUDPLQ)LJXUH$VHOHFWLRQRIWKHVHSDWKZD\VZDVPDGHIRULQFOXVLRQLQ WKH FRPSXWHU PRGHO IRU YLUXV LQWURGXFWLRQ RQ WKH EDVLV RI WZR FULWHULD L H[SHFWHGLPSRUWDQFHIRU&6)9LQWURGXFWLRQRQWKHEDVLVRIKLVWRULFDOGDWDDQGVFLHQWLILFOLWHUDWXUHDQGLLDYDLODELOLW\RINQRZOHGJHDQGGDWDWRTXDQWLI\WKHXQGHUO\LQJSUREDELOLWLHV7KHPDMRUURXWHVIRU&6)9LQWURGXFWLRQLQWKH(8VLQFHWKHSURKLELWLRQRIPDVVYDFFLQDWLRQZHUHIHHGLQJRILPSURSHUO\KHDWHGVZLOOGLUHFWRULQGLUHFWFRQWDFWZLWKZLOGERDUDQGDQLPDOPRYHPHQWV 'H9RV HW DO  )ULW]HPHLHU HW DO  ,QIRUPDWLRQ IURP$'16 JDYHVLPLODU UHVXOWV LQGLFDWLQJ WKDW SXUFKDVH RI DQLPDOV ZDVWH IRRG IHHGLQJ DQG VSUHDG E\IRPLWHV FDXVHGWKHPDMRULW\RISULPDU\&6)RXWEUHDNVIRUZKLFKWKHRULJLQRIGLVHDVHZDVJLYHQLQ$'16'H9RVHWDO7KHUHIRUHWKHH[RJHQRXVSDWKZD\LPSRUWRIDEDWFKRIGRPHVWLFDQLPDOVDQGWKHHQGRJHQRXVSDWKZD\ RI ZLOGOLIH ZHUH LQFOXGHG LQ WKH PRGHO IRU YLUXV LQWURGXFWLRQ )XUWKHUPRUH WKHSDWKZD\RILPSRUWRIDQLPDOSURGXFWVIRUKXPDQFRQVXPSWLRQZDVLQFOXGHGDV LW LVRQHRIWKHPDMRUURXWHVWKDWFRXOGFRQWULEXWHWRLOOHJDOVZLOOIHHGLQJ,OOHJDOLPSRUWVRIDQLPDOVDQGDQLPDO SURGXFWV FRXOG EH HYHQ PRUH GDQJHURXV ZLWK UHJDUG WR WKH SUREDELOLW\ RI &6)9
 6SUHDGE\IRPLWHVLVDOOYLUXVVSUHDGFDXVHGE\REMHFWVWKDWDUHFRQWDPLQDWHGZLWKWKHGLVHDVHDJHQWDQGKHQFHFRYHUVWKRVHLQGLUHFWFRQWDFWVEHWZHHQDQLPDOVWKDWDUHQRWLQFOXGHGLQRWKHUWUDQVPLVVLRQURXWHVGLVWLQJXLVKHGLQ$'16/DGGRPDGDSHUVRQDOFRPPXQLFDWLRQ,WDOVRLQFOXGHVVSUHDGE\ZLOGERDU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1LHOHQHWDO9DFFLQDWLRQFRVWVZHUH LQFRUSRUDWHG LQ(SL/RVV0HXZLVVHQHWDOIRUWKHSUHVHQWVWXG\LQRUGHUWREHDEOHWRFDOFXODWHWKHGLUHFWFRVWVDQGFRQVHTXHQWLDOORVVHVIRUIDUPHUVDQGUHODWHGLQGXVWULHVVXEMHFWHGWRFRQWUROPHDVXUHV7KHPDLQJRDORIWKLVSDSHULVWRDQDO\VHWKHHSLGHPLRORJLFDODQGHFRQRPLFFRQVHTXHQFHVRIWZRSRVVLEOHHPHUJHQF\YDFFLQDWLRQFDPSDLJQVWKDWFRXOGKDYHEHHQXVHGLQWKH'XWFK&6)HSLGHPLF7KH\DUHFRPSDUHGZLWKDQHDUOLHUVLPXODWHGSUHYHQWLYHVODXJKWHUVWUDWHJ\1LHOHQHWDOZKLFKZHZLOOFDOOLQWKLVSDSHUWKH³QRQYDFFLQDWLRQ´19VFHQDULR
0DWHULDOVDQGPHWKRGV
*HQHUDORXWOLQH,QWHU&6) LV D VSDWLDO WHPSRUDO DQG VWRFKDVWLF VLPXODWLRQ PRGHO -DOYLQJK HW DO ,QWHU&6) VLPXODWHV GD\ WR GD\ GLVHDVH VSUHDG IURP LQIHFWHG IDUPV WKURXJK  FRQWDFW W\SHV

DQLPDOVYHKLFOHVSHUVRQVDQGWKURXJKORFDOVSUHDGXSWRP$OO'XWFKSLJIDUPVDUHNQRZQ E\ WKHLU JHRJUDSKLFDO FRRUGLQDWHV 7KH PDLQ GLVHDVH FRQWURO PHFKDQLVPV WKDWLQIOXHQFHWKHGLVHDVHVSUHDGLQ,QWHU&6)DUHGLDJQRVLVRIWKHLQIHFWHGIDUPVGHSRSXODWLRQRILQIHFWHG IDUPV TXDUDQWLQH ]RQHV WUDFLQJ DQG SUHYHQWLYH VODXJKWHU VHH $SSHQGL[ ,9 IRUPRUHGHWDLOV(PHUJHQF\ YDFFLQDWLRQ ZDV LQFRUSRUDWHG LQWR WKH EDVH VFHQDULR VXFK WKDW LW UHIOHFWHG WKHVWDUWLQJ VLWXDWLRQ RI WKH UHDO HSLGHPLF DV FORVHO\ DV SRVVLEOH 7KLV LQYROYHG LQFRUSRUDWLQJKLVWRULFDOGDWDIURPIDUPVZLWKDQLQIHFWLRQGDWHEHIRUH)HEUXDU\GHWHFWLRQGDWHRIILUVW IDUP DQG IL[HG GHWHFWLRQ DQG KHUG GHVWUXFWLRQ GDWHV ODWHU 1HZ LQIHFWLRQV ZHUH RQO\VLPXODWHG DIWHU WKLV GDWH ,Q RXU VLPXODWLRQVZH DVVXPHG WKDW DIWHU  GHWHFWLRQV LQ WKH ILUVWZHHNHPHUJHQF\YDFFLQDWLRQZRXOGEHRUGHUHG,QDGHQVHO\SRSXODWHGDUHDHSLGHPLRORJLVWVH[SHFWDODUJHHSLGHPLFLI WKHUHDUHDW OHDVWGHWHFWLRQVLQ WKHILUVWZHHN,Q WKHILUVWRXWEUHDNKDSSHQHGLQDYHU\GHQVHO\SRSXODWHGSLJDUHDDQGRXWEUHDNVZHUHQRWLILHGLQWKHILUVW ZHHN IROORZLQJ WKH LQLWLDO GHWHFWLRQ (OEHUV HW DO  ,Q RXU VLPXODWLRQ WKHHPHUJHQF\YDFFLQDWLRQFDPSDLJQZDVLQLWLDWHGGD\VDIWHUWKHGHFLVLRQRQGD\DVVXPLQJGD\V RI SUHSDUDWLRQ IRU D YDFFLQDWLRQ FDPSDLJQ :KHQ WKH GHFLVLRQ WR FRPPHQFH WKHHPHUJHQF\ YDFFLQDWLRQ FDPSDLJQ ZDV WDNHQ DOO HDUOLHUGHWHFWHG IDUPV IURP WKH SUHYLRXVZHHNZHUHLGHQWLILHG,QWKHEDVHYDFFLQDWLRQVFHQDULRVDYDFFLQDWLRQ]RQHZLWKDUDGLXVRINP ZDV GHILQHG IRU HDFK GHWHFWHG IDUP 7R PLPLF UHVWULFWHG YDFFLQDWLRQ FDSDFLWLHV DOOGHILQHGYDFFLQDWLRQ]RQHVZHUHSXWRQDYDFFLQDWLRQ OLVWDQGDOO IXUWKHUGHILQHGYDFFLQDWLRQ]RQHVZHUHDOVROLVWHG,IPRUHWKDQRQHQHZYDFFLQDWLRQ]RQHZDVGHILQHGRQWKHVDPHGD\WKH\ ZHUH UDQNHG GHSHQGLQJ RQ WKHLU SLJIDUP GHQVLW\ VWDUWLQJ ZLWK WKH KLJKHVW SLJIDUPGHQVLW\ )XUWKHUPRUHZH DVVXPHG WKDW HPHUJHQF\ YDFFLQDWLRQZRXOG EH VWRSSHG EDVHG RQFHUWDLQFULWHULDGHILQHGODWHURQLQWKLVSDSHU9DFFLQDWLRQ ]RQHV DUH YDFFLQDWHG RQH DIWHU DQRWKHU ± LH QRW VLPXOWDQHRXVO\  E\ YDFFLQDWLRQ WHDPV (DFK YDFFLQDWLRQ WHDP  YHWHULQDULDQ DQG  KHOSHUV ZDV VXSSRVHG WRKDQGOHDERXWSLJSODFHV IDWWHQHUV DQGJLOWVRU IDUURZLQJSODFHVSHUGD\ RUYDULRXVHTXLYDOHQWFRPELQDWLRQV
 +HUHDIWHU ³TXDUDQWLQH´ ]RQHV UHIHU WR DOO UHVWULFWHG ]RQHVDUHDV SURWHFWLRQ ]RQH  NP DQG VXUYHLOODQFH]RQHVNPLQZKLFKPRYHPHQWUHVWULFWLRQVDQGFRQWUROPHDVXUHVDUHLPSRVHG $IDWWHQHULVDILQLVKLQJRUIDWWHQLQJSLJDOVRFDOOHGKRJIURPNJXQWLONLOOHG $JLOWLVDIHPDOHSLJIURPNJOLYHZHLJKWXQWLOILUVWLQVHPLQDWLRQ $VVXPLQJSLJOHWVEUHHGLQJVRZ\HDUZKLFKLVHTXDOWRSLJOHWVERUQEUHHGLQJVRZGD\:HDVVXPHWKDWDSLJOHWZLOOVWD\RQDVRZIDUPIRUGD\V%HFDXVHSLJVQHHGWREHGD\VROGIRUYDFFLQDWLRQZHZLOOKDYHGD\V SLJOHWVIDUURZLQJSODFHDQGVRZIDUURZLQJSODFHWRYDFFLQDWH
























































































































































































































6XVFHSWLEOH IDUPVZHUH DOVR FODVVLILHG LQWR WZR FDWHJRULHV QRQYDFFLQDWHG DQG YDFFLQDWHG:HGHILQHGDQRQYDFFLQDWHG VXVFHSWLEOH IDUPDVRQHZLWKRXWSURWHFWLRQ DJDLQVW DSRVVLEOHLQIHFWLRQ ZKHUHDV D YDFFLQDWHG VXVFHSWLEOH IDUP ZDV SDUWO\ SURWHFWHG 7KH GHJUHH RISURWHFWLRQ GHSHQGHG RQ WKH WLPH LQWHUYDO EHWZHHQ YDFFLQDWLRQ DQG D SRVVLEOH LQIHFWLRQ DQGZDVH[SUHVVHGDVDSURWHFWLRQIDFWRUPRGHOOHGXVLQJDSUREDELOLW\GLVWULEXWLRQ$SSHQGL[9$V IRU WKH UHGXFWLRQ IDFWRU WKH SURWHFWLRQ IDFWRU ZDV PXOWLSOLHG E\ WKH SUREDELOLWLHV RIWUDQVPLVVLRQIRUDVLPXODWHGFRQWDFWDQGIRUORFDOVSUHDG+RZHYHULIDQLQIHFWLRXVSLJZDVPRYHG WR D VXVFHSWLEOH YDFFLQDWHG IDUP WKH SURWHFWLRQ IDFWRU ZDV QRW FRQVLGHUHG :HDVVXPHGWKDWWKLVIDUPDOZD\VEHFDPHLQIHFWHGEXWFRXOGUDUHO\EHFRPHLQIHFWLRXV
7DEOH 3UREDELOLW\ RI GHWHFWLRQ GXH WR YDFFLQDWLRQ UHODWLYH WR WKH WLPH VLQFH LQIHFWLRQ RQ DQXQGHWHFWHGLQIHFWHGIDUPDQGGHSHQGLQJRQWKHVRXUFHRILQIHFWLRQ3UREDELOLW\RIGHWHFWLRQUHODWHGWRYDFFLQDWLRQGLDJQRVLVGDWHGD\VODWHU7LPHEHWZHHQLQIHFWLRQHQWUDQFHDQGYDFFLQDWLRQGD\V
9DFFLQDWLRQGD\ D 9DFFLQDWLRQGD\ E ZHHNDIWHUYDFFLQDWLRQ
±    ±    ±    !   D )DUPLQIHFWHGE\GLUHFWDQLPDOFRQWDFWE )DUPLQIHFWHGE\WUDQVSRUWRUSHUVRQFRQWDFW
,Q WKH (8 ILHOG H[SHULPHQWV KRUL]RQWDO WUDQVPLVVLRQ ZDV VLJQLILFDQWO\ UHGXFHG IRU ERWKPDUNHU YDFFLQHV  ZHHNV DIWHU YDFFLQDWLRQ $QRQ\PRXV  ,Q RXU EDVH HPHUJHQF\YDFFLQDWLRQVFHQDULRVZHDVVXPHGWKDWPD[LPXPSURWHFWLRQDQGUHGXFWLRQZDVUHDFKHGDIWHUGD\V)RUVHQVLWLYLW\DQDO\VLV WKLVWLPHLQWHUYDOZDVUHGXFHGE\GD\VWRDVZHOODVLQFUHDVHG E\  GD\V WR  GD\V $SSHQGL[9 ,Q DQ DGGLWLRQDO DQDO\VLV RQO\ ZHHNZDVDVVXPHGQHFHVVDU\LQRUGHUWRWREXLOGXSWKHPD[LPXPSURWHFWLRQOHYHOVLPXODWLQJDOLYHYLUXVYDFFLQH
'HOD\HGGHVWUXFWLRQDOWHUQDWLYHV7KH ILUVW HPHUJHQF\ YDFFLQDWLRQ VWUDWHJ\ FDOOHG GHOD\HGGHVWUXFWLRQ '' DVVXPHG QRSROLWLFDO DFFHSWDQFH RI YDFFLQDWHG SLJ PHDW DV IUHVK PHDW LH WKH FXUUHQW (8 SROLF\9DFFLQDWLRQ ZRXOG RQO\ EH DSSOLHG WR RYHUFRPH D VKRUWDJH LQ GHVWUXFWLRQ NLOOLQJ DQGUHQGHULQJFDSDFLW\FUHDWHGE\UHJXODUO\DSSOLHGFRQWUROPHDVXUHV%HFDXVHYDFFLQDWLRQZLOOUHGXFHWKHULVNRIYLUXVVSUHDG WKHGHVWUXFWLRQRIYDFFLQDWHGIDUPVPD\EHSRVWSRQHGXQWLO

GHVWUXFWLRQ FDSDFLW\ LV DYDLODEOH $OO SLJV LQ WKH YDFFLQDWLRQ ]RQH QHHGHG WR EH GHVWUR\HGVODXJKWHUHGDQGUHQGHUHGEHIRUHWKHILQDOVFUHHQLQJFRXOGEHDSSOLHGLQRUGHUWRGHFODUHWKHUHJLRQ&6)IUHHRQFHPRUH$OOSLJVROGHUWKDQGD\VZHUHYDFFLQDWHGRQFH:HDVVXPHGWKDW YDFFLQDWHG SLJV KDG PD[LPXP SURWHFWLRQ IRU DW OHDVW  PRQWKV ,I WKH\ ZHUH QRWVODXJKWHUHG ZLWKLQ  PRQWKV WKH SLJV ZRXOG EH UHYDFFLQDWHG WR PDLQWDLQ PD[LPXPSURWHFWLRQOHYHOV$VVRRQDVDYDFFLQDWLRQ]RQHZDVGHILQHGDOOIDUPVZLWKLQWKLVYDFFLQDWLRQ]RQHZHUHSXWRQWKH SUHYHQWLYH VODXJKWHU OLVW 3ULRULWLHV ZHUH VHW WR GHDO ZLWK LQVXIILFLHQW GHVWUXFWLRQFDSDFLWLHV)LUVWO\DOOIDUPVORFDWHGZLWKLQWKHUHJXODUSUHYHQWLYHVODXJKWHUUDGLXVNPDVZHOODVFRQWDFWIDUPVZHUHGHVWUR\HG7KLVJURXSZDVVSOLWIXUWKHU)DUPVQRWSUHGHVWLQHGIRUYDFFLQDWLRQZHUHJLYHQWKHKLJKHVWSULRULW\IROORZHGE\IDUPVZKHUHYDFFLQDWLRQZDVQRW\HWDSSOLHGDQGILQDOO\YDFFLQDWHGIDUPV,QWKHFDWHJRU\RIWKHYDFFLQDWHGIDUPVKLJKHUSULRULW\ZDV JLYHQ WR IDUPVZLWKRXWPD[LPXP SURWHFWLRQ 7KH VHFRQG FDWHJRU\ FRQVLVWHG RI IDUPVO\LQJLQWKHYDFFLQDWLRQ]RQHNPEXWRXWVLGHWKHUHJXODUSUHYHQWLYHVODXJKWHU]RQHNP +HUH DJDLQ WKH KLJKHVW SULRULW\ ZDV JLYHQ WR QRQYDFFLQDWHG IDUPV IROORZHG E\YDFFLQDWHGIDUPVZLWKRXWPD[LPXPSURWHFWLRQDQGILQDOO\IDUPVZLWKPD[LPXPSURWHFWLRQ7KRVHSULRULWLHVZHUHDSSOLHGWRDOO]RQHVZKHUHE\ZLWKLQDVXEJURXSWKHIDUPVRIDQROGHU]RQH KDG SULRULW\ IRU DQLPDO VODXJKWHULQJ 7KH GHFLVLRQ FULWHULRQ IRU VWRSSLQJ HPHUJHQF\YDFFLQDWLRQ GHSHQGHG RQ WKH GHOD\ FDXVHG E\ GHVWUXFWLRQ FDSDFLWLHV 7KH QXPEHU RI IDUPVQRWLILHG IRU SUHYHQWLYH VODXJKWHU LQFOXGLQJ YDFFLQDWHG IDUPV ZDV GLYLGHG E\ WKH GDLO\GHVWUXFWLRQ FDSDFLW\ WR REWDLQ WKH QXPEHU RI GD\V QHHGHG IRU GHVWUXFWLRQ RI DOO WKH IDUPDQLPDOV FRQFHUQHG :KHQ WKH GHOD\ ZDV d  GD\V ZLWKLQ D SHULRG RI  GD\V QR QHZYDFFLQDWLRQ]RQHVZHUHLQVWDOOHG7KH LQVWDOODWLRQ RI D EUHHGLQJ SURKLELWLRQ LQ D GHILQHG YDFFLQDWLRQ ]RQH DQG WKH FXOOLQJ RIQHZERUQSLJOHWVRQWKHYDFFLQDWHGIDUPVQRWVLPXODWHGDVVXFKDOORZHGWKHDVVXPSWLRQWKDWWKH SLJ SRSXODWLRQ RQ YDFFLQDWHG IDUPV UHWDLQHGPD[LPXPSURWHFWLRQ 7KH LPSOHPHQWDWLRQFRVWVIRUERWKFRQWUROPHDVXUHVZHUHFRQVLGHUHGZKHQFDOFXODWLQJWKHFRVWVDQGORVVHV,QWKHEDVHVFHQDULR''ZHDVVXPHGPD[LPXPYDFFLQHSURWHFWLRQLQGD\VGD\VRISUHSDUDWLRQ D  NP SUHYHQWLYH VODXJKWHU ]RQH DQG D YDFFLQDWLRQ UDGLXV RI  NP IRU HDFKGHWHFWHG IDUP ,Q DOWHUQDWLYH VFHQDULRV 7DEOH  ZH DVVXPHG WKDW WLPH WR EXLOG XSPD[LPXPSURWHFWLRQZDVUHDFKHGZLWKLQZHHNGD\VRUGD\V,QDIXUWKHUVHQVLWLYLW\DQDO\VLVWKHWLPHQHHGHGWRSUHSDUHWKHHPHUJHQF\YDFFLQDWLRQFDPSDLJQZDVFKDQJHGIURPGD\V WRGD\V DOWHUQDWLYH , WRGD\V DOWHUQDWLYH ,, RU WRGD\V DOWHUQDWLYH ,,, ,QDOWHUQDWLYH ,9 WKH YDFFLQDWLRQ UDGLXV ZDV UHGXFHG WR  NP LQVWHDG RI WKH  NP DQGDOWHUQDWLYH9DVVXPHGDPUHJXODUSUHYHQWLYHVODXJKWHUUDGLXV

7DEOH $QRYHUYLHZRI WKHYDULRXV DOWHUQDWLYHV IRU ERWK HPHUJHQF\YDFFLQDWLRQ VWUDWHJLHV WKH'HOD\HG'HVWUXFWLRQVWUDWHJ\''DQGWKH,QWUDFRPPXQLW\7UDGHVWUDWHJ\,&7$VVXPSWLRQ ''[ D ,&7[ D3UHSDUDWLRQWLPH GD\V EDVH EDVHGD\V , ,GD\V ,, ,,GD\V ,,, ,,,9DFFLQDWLRQUDGLXV NP EDVH EDVHNP ,9 ,93UHYHQWLYHVODXJKWHUUDGLXV P EDVH P 9 $SSO\LQJSUHYHQWLYHVODXJKWHU 1R  EDVH<HV  9,ED [VWDQGVIRUEDVHUHVSHFWLYHO\RUGD\VQHHGHGWREXLOGXSPD[LPDOSURWHFWLRQE 3UHYHQWLYHVODXJKWHULVRQO\DSSOLHGWRQRQYDFFLQDWHGIDUPVLQDUDGLXVRINP
,QWUDFRPPXQLW\WUDGHDOWHUQDWLYHV)RUWKHVHFRQGHPHUJHQF\YDFFLQDWLRQVWUDWHJ\WKHLQWUDFRPPXQLW\WUDGHVWUDWHJ\,&7ZHDVVXPHGWKDWDIWHUUHPRYLQJWKHTXDUDQWLQH]RQHSLJPHDWRULJLQDWLQJIURPYDFFLQDWHGSLJVFRXOGEHVROGRQWKH(8PDUNHW+RZHYHUZHDVVXPHGWKDWIRUWKHYDFFLQDWLRQ]RQHVDVRFDOOHG³SRVWYDFFLQDWLRQ]RQH´ZRXOGEHLQVWDOOHGIRUPRQWKVDWWKHPRPHQWWKHTXDUDQWLQH]RQHZDVOLIWHG$OOPRYHPHQWVZHUHDOORZHGH[FHSWWKDWOLYHSLJVFRXOGOHDYHWKLV]RQHRQO\GLUHFWO\ WR VODXJKWHU LQ VSHFLILF VODXJKWHUKRXVHV 7KLV VXSSOHPHQWDU\ PHDVXUH VKRXOGFRQYLQFHDOO WUDGLQJSDUWQHUV WKDWQR OLYHFDUULHUSLJOHWVFRXOG OHDYH WKHYDFFLQDWLRQ]RQH WRVSUHDGWKHGLVHDVHLQFDVHDQLQIHFWHGVRZZDVRYHUORRNHGGXULQJWKHVHURORJLFDOVFUHHQLQJ,QWKH,&7VWUDWHJ\HPHUJHQF\YDFFLQDWLRQZDVVWRSSHGZKHQWKHUHZHUHOHVVWKDQWZRQHZGHWHFWLRQVZLWKLQWKHSUHYLRXVZHHNV,Q WKH ,&7 VWUDWHJ\ DOO SLJV ROGHU WKDQ  ZHHNV LQ D YDFFLQDWLRQ ]RQH  NP ZHUHYDFFLQDWHG RQFH DV IRU WKH '' VWUDWHJ\ ,Q DGGLWLRQ ZH LPSRVHG IRU WKH GXUDWLRQ RI WKHTXDUDQWLQH]RQHLQDYDFFLQDWLRQ]RQHWKHUHYDFFLQDWLRQRIDOOQHZERUQSLJOHWVDVZHOODVDOOEUHHGLQJ VRZV 7KHVH PHDVXUHV ZRXOG DVVXUH D PD[LPDOO\ SURWHFWHG SLJ SRSXODWLRQ 7KHHPHUJHQF\YDFFLQDWLRQFDSDFLWLHVZHUHQRWLQIOXHQFHGE\WKHFRQWLQXHGYDFFLQDWLRQEHFDXVHZHDVVXPHGWKDWWKHORFDOYHWHULQDULDQVFDUULHGRXWWKHUHYDFFLQDWLRQV$IXUWKHUDVVXPSWLRQZDVWKDWPD[LPXPSURWHFWLRQRIYDFFLQDWHGIDUPVZRXOGODVWIRUWKHWRWDOGXUDWLRQRIDSRVWYDFFLQDWLRQ ]RQH 2QFH WKH SRVWYDFFLQDWLRQ ]RQH VWUDWHJ\ ZDV OLIWHG DOO IDUPV ORVW WKHLUSURWHFWLRQ

:LWKWKH,&7VWUDWHJ\YDFFLQDWLRQUHGXFHVWKHVXVFHSWLEOHSLJSRSXODWLRQVRWKDWSUHYHQWLYHVODXJKWHU LV RSWLRQDO DQG QRW DSSOLHG LQ WKH EDVH VFHQDULR ,I SUHYHQWLYH VODXJKWHU ZHUHDSSOLHGRQO\QRQYDFFLQDWHGIDUPVZRXOGEHGHVWUR\HGDOWHUQDWLYH9,7DEOH)RU WKHEDVHVFHQDULR ,&7PD[LPXPSURWHFWLRQZDVDWWDLQHG LQGD\VQRSUHYHQWLYHVODXJKWHUZDVDSSOLHGDYDFFLQDWLRQUDGLXVRINPZDVLQVWDOOHGIRUHDFKGHWHFWHGIDUPDQG GD\V RI SUHSDUDWLRQ ZHUH QHHGHG EHIRUH WKH HPHUJHQF\ YDFFLQDWLRQ FDPSDLJQ EHJDQ$OWHUQDWLYHVFHQDULRVZHUHVLPXODWHGIRUVHQVLWLYLW\DQDO\VLVVLPLODUWR''7DEOH
9DFFLQDWLRQFRVWV5HODWHGWRWKHYDFFLQDWLRQFRVWVZHUHYDULRXVDGGLWLRQDOFRQWUROFRVWVRYHUDQGDERYHWKHFRVWSHUGRVHRIYDFFLQHSHUSLJ7KH\FRQVLVWHGRISUHSDUDWLRQWUDYHODQGELRVHFXULW\FRVWVIRUWKHYDFFLQDWLRQWHDPVDVZHOODVFRVWVIRUWKHDSSOLFDWLRQRIWKHYDFFLQH,QWKHFDVHRIWKH,&7VWUDWHJ\ WKH FRQWLQXHG YDFFLQDWLRQ DOVR UHVXOWHG LQ VRPH DGGLWLRQDO FRVWV 7DEOH VXPPDULVHVDOOYDFFLQDWLRQUHODWHGFRVWVLQGHWDLO$OO VRZVRQYDFFLQDWHG IDUPV VKRXOGEH WHVWHG WR UHGXFH WKH SUREDELOLW\ RI D FDUULHU SLJOHWJRLQJXQGHWHFWHGEHIRUHDQDUHDPD\EHGHFODUHG&6)IUHH'HVSLWH WKLVZHXVHG WKHVDPHOXPS VXP IRU FRPSDULVRQ UHDVRQV IRU VHURORJLFDO FRVWV DV 0HXZLVVHQ HW DO )XUWKHUPRUHZHDVVXPHGWKDWWKHGLVFULPLQDWRU\WHVWZRXOGFRVWWKHVDPHDVWKHFRQYHQWLRQDORQH
&RPSDULVRQRIDOWHUQDWLYHV7R FRPSDUH WKH DOWHUQDWLYHV ERWK HSLGHPLRORJLFDO DQG HFRQRPLF SDUDPHWHUV ZHUH XVHG,QWHU&6) VLPXODWHG WKH VSUHDG DQG FRQWURO RI WKH HSLGHPLF ZKHUHE\ GLIIHUHQW HYHQWVVXPPDULVHGLQ$SSHQGL[9,UHODWHGWRHFRQRPLFFRVWVDQGORVVHVFRXOGRFFXU9DFFLQDWLRQZDV DGGHG DV D QHZ HYHQW %UHHGLQJ SURKLELWLRQ DQG WKH NLOOLQJ RI QHZERUQ SLJOHWV ZHUHDSSOLHGRQO\IRU WKH''VWUDWHJLHV)RUHDFKLQGLYLGXDOIDUPVXEMHFWHG WRFRQWUROPHDVXUHV,QWHU&6)UHFRUGHGHYHQWVHDFKGD\LQDQHYHQWRXWSXWILOH7KLVHYHQWILOHZDVXVHGDVLQSXWIRU(SL/RVVZKLFKFDOFXODWHGWKHWRWDOFRVWVDQGORVVHVIRUWKHHSLGHPLF0HXZLVVHQHWDO 9DFFLQDWLRQ UHODWHG FRVWV DFWXDOO\ GLUHFW FRVWV ZHUH FRQVLGHUHG DV D VHSDUDWH FRVWIDFWRUIRUUHDVRQVRIFRPSDULVRQ6LPLODU WR 1LHOHQ HW DO  D WZRWDLOHG WZRVDPSOH 6WXGHQW¶V WWHVW ZLWK XQHTXDOYDULDQFHZDVSHUIRUPHGRQPHDQILQDORXWFRPHVRIWKHUHSOLFDWLRQVSHUVFHQDULRLQRUGHUWRWHVWZKHWKHUDOWHUQDWLYHVYDULHGVLJQLILFDQWO\IURPHDFKRWKHURUIURPWKHQRQYDFFLQDWLRQVFHQDULR 19 7R FRUUHFW IRU PXOWLSOH FRPSDULVRQV D %RQIHUURQL FRUUHFWLRQ ZDV DSSOLHGXVLQJ D VLJQLILFDQFH OHYHO RI  -RQHV DQG 5XVKWRQ  )LQDO RXWFRPHV WKDW ZHUHFRPSDUHGZHUHWKHPHDQWRWDOORVVHVDQGWKHPHDQWRWDOQXPEHURILQIHFWHGIDUPVGHWHFWHG

IDUPV SUHYHQWLYHO\ VODXJKWHUHG IDUPV DQG YDFFLQDWHG IDUPV 7HVWLQJ ZDV SHUIRUPHG XVLQJ6366VRIWZDUHYHUVLRQ
7DEOH 7KHYDFFLQDWLRQUHODWHGFRVWV'HVFULSWLRQRIWKHFRVWV ¼IDUPRUSLJ%LRVHFXULW\FRVWDQGWUDQVSRUWGXULQJWKHHPHUJHQF\YDFFLQDWLRQ0DWHULDOQHHGHGIRUDIDUPYLVLW2YHUDOOVVWHULOHPDWHULDOVQRUHXVHD a¼IDUP3UHSDUDWLRQQHHGHGIRUDIDUPYLVLWK¼K%7:D ¼IDUPKRXUIRUWUDQVSRUWDQGK\JLHQHPHDVXUHVKHOSHUV¼K DDQGYHWHULQDULDQ¼K E ¼IDUP7RWDO a¼IDUP9DFFLQHDQGYDFFLQDWLRQDSSOLFDWLRQGXULQJWKHHPHUJHQF\YDFFLQDWLRQ9DFFLQH ¼SLJ$SSOLFDWLRQSLJVYDFFLQDWLRQJURXSKRXUVKHOSHUV¼K D KYHW¼K E  ¼SLJ7RWDO ¼SLJ F&RVWVIRUFRQWLQXHGYDFFLQDWLRQRQO\IRU,&7G9DFFLQH ¼SLJ9DFFLQDWLRQDSSOLFDWLRQ ¼SLJ9HWHULQDU\YLVLW¼IDUP E ¼SLJ%LRVHFXULW\FRVWQRKHOSHUV¼IDUP D ¼SLJ7RWDO ¼SLJ HD &RQVXOWLQJVSHFLDOLVWIURP$QLPDO+HDOWK6HUYLFH%R[WHO7KH1HWKHUODQGVE 5R\DO1HWKHUODQGV9HWHULQDU\$VVRFLDWLRQF ,W ZLOO EH  ¼ IDWWHQHU RU JLOW SODFH DQG  ¼ IDUURZLQJ SODFH  EUHHGLQJ VRZ  SLJOHWVG $VVXPLQJ DQ DYHUDJH VRZ KHUG RI  EUHHGLQJ VRZV9DFFLQDWLRQ RI QHZERUQ SLJOHWV DQG UHLQVHPLQDWLRQRIEUHHGLQJVRZVZLOOSUREDEO\RQO\KDSSHQRQFHSHUPRQWK,QWKDWFDVHSLJVSLJOHWVDQGEUHHGLQJVRZVZLOOEHUHYDFFLQDWHGHDFKPRQWKH ¼ WUHDWHGSLJ WUHDWHGSLJVGD\ ¼ IDUURZLQJSODFHGD\ WUHDWHGSLJV EUHHGLQJVRZGD\QHZERUQSLJOHWVVRZGD\
6LPXODWLRQUHVXOWV
1LHOHQ HW DO  FRPSDUHG WKH UHDO 'XWFK &6) HSLGHPLF ZLWK YDULRXV DOWHUQDWLYHHUDGLFDWLRQ VWUDWHJLHV DOO VLPXODWHG ZLWK WKH ,QWHU&6) PRGHO -DOYLQJK HW DO  $OOVLPXODWHG VWUDWHJLHVZHUH SHUIRUPHG  WLPHV LQZKLFK WKH VLPXODWLRQ WLPHZDV VHW DW D

PD[LPXPRI  \HDU 7KHPRVW HIIHFWLYH VFHQDULR DFFRUGLQJ WR1LHOHQ HW DO ZDV WRFRPPHQFHSUHYHQWLYHVODXJKWHUZLWKLQDUDGLXVRINPIURPWKHGD\RIWKHLQLWLDOGHWHFWLRQWKH VRFDOOHG ³SUHYHQWLYH VODXJKWHU VFHQDULR´ UHIHUUHG WR LQ WKLV SDSHU DV WKH ³QRQYDFFLQDWLRQ VFHQDULR´ 19&RPSOHWH UHVXOWVZHUH VKRZQ LQ1LHOHQ HW DO  DQG DUHSDUWO\ VKRZQ LQ 7DEOHV  DQG  ,Q WKH UHDO HSLGHPLF SUHYHQWLYH VODXJKWHU RI WKHQHLJKERXULQJ IDUPVZDV RQO\ DSSOLHG IRU WKH ILUVW WZR GHWHFWHG IDUPV DQG VWRSSHG DQG UHFRPPHQFHGWZRPRQWKV ODWHU IRUDOOQHZO\GHWHFWHGIDUPV/197DEOHUHFDOOVWKHPRVWLPSRUWDQWNH\IHDWXUHVRIWKHUHDOHSLGHPLFWKHVLPXODWHGHSLGHPLFDQGWKH19:HFKRVH WKH 19 DV WKH EDVH VFHQDULR ZLWK ZKLFK WR FRPSDUH DOO HPHUJHQF\ YDFFLQDWLRQVWUDWHJLHV,QWKHIXWXUHSUHYHQWLYHVODXJKWHUZRXOGPRVWOLNHO\EHDSSOLHGIURPWKHEHJLQQLQJPDNLQJWKLVVFHQDULRWKHEHVWFRPSDULVRQIRURXUVLPXODWHGHPHUJHQF\YDFFLQDWLRQVFHQDULRV,Q7DEOHZHFRPSDUHWKHWZREDVHHPHUJHQF\YDFFLQDWLRQVWUDWHJLHVZLWKERWKWKH19VFHQDULR DQG ZLWK HDFK RWKHU )XUWKHUPRUH DOO HPHUJHQF\ YDFFLQDWLRQ DOWHUQDWLYHV ZHUHFRPSDUHG WR WKH FRUUHVSRQGLQJ EDVH HPHUJHQF\ YDFFLQDWLRQ VWUDWHJLHV ,Q WRWDO  WWHVWFRPSDULVRQV ZHUH SHUIRUPHG ZKLFK VHW WKH 3OHYHO IRU D VLJQLILFDQW GLIIHUHQFH EHWZHHQPHDQVWR
7DEOH 6RPHNH\IHDWXUHVRIWKHUHDO'XWFK&6)HSLGHPLFWKHPHGLDQRIWKHVLPXODWHGHSLGHPLFDQGWKHPHGLDQRIWKHQRQYDFFLQDWLRQVFHQDULR D -DOYLQJKHWDO1LHOHQHWDO .H\IHDWXUHVPHGLDQIRUVLPXODWLRQV1XPEHURIIDUPV5HDO'XWFK&6)HSLGHPLFRUVLPXODWHGVFHQDULR GHWHFWHG LQIHFWHG 3UHYHQWLYHVO 'XUDWLRQLQGD\V &RVWV ¼5HDO'XWFK&6)HSLGHPLF  "  ! 6LPXODWHG'XWFKHSLGHPLF E  E  E   F1RQYDFFLQDWLRQVFHQDULR      FD 7KH SUHYHQWLYH VODXJKWHU VFHQDULR IURP 1LHOHQ HW DO  LV LQ WKLV SDSHU FDOOHG WKH ³QRQYDFFLQDWLRQVFHQDULR´19E 1XPEHUVGLIIHUVOLJKWO\IURP-DOYLQJKHWDOGXHWRVRPHPLQRUDGDSWDWLRQVRI,QWHU&6)F 1XPEHUV DUH VOLJKWO\ KLJKHU WKDQ LQ -DOYLQJK HW DO  DQG 1LHOHQ HW DO  EHFDXVHTXDUDQWLQH]RQHVKDGEHHQHUURQHRXVO\OLIWHGGD\WRRHDUO\IRUVRPHIDUPVLQWKHLQLWLDO(SL/RVV
'HOD\HGGHVWUXFWLRQDOWHUQDWLYHV&RPSDUHGWRWKH19VFHQDULR''VWUDWHJLHV7DEOHVDQGUHGXFHGERWKWKHQXPEHURI LQIHFWHG DQG GHWHFWHG IDUPV EXW QRW VLJQLILFDQWO\ 7KH GXUDWLRQ RI WKH HSLGHPLF ZDVVKDUSO\UHGXFHGIRUH[DPSOHWKHPHGLDQGHFUHDVHGIURPGD\VWRGD\VIRU''

7KH QXPEHU RI SUHYHQWLYHO\ VODXJKWHUHG IDUPV ZDV VLJQLILFDQWO\ LQFUHDVHG E\ D IDFWRU RIDOPRVWIRXU7KHWRWDOFRVWVDQGORVVHVZHUHFRPSDUDEOHH[FHSWIRUWKHH[WUHPHUHSOLFDWLRQV,Q WKHFDVHRI'' WKHZRUVWFDVHVVKRZHGVPDOOHUHSLGHPLFV7KHFRPSRVLWLRQRI WKHFRVWIDFWRUVYDULHGEHWZHHQWKH19VFHQDULRDQGWKH''VFHQDULR7KHGLUHFWFRVWVIRUSUHYHQWLYHVODXJKWHU LQ WKH FDVH RI WKH '' YDFFLQDWLRQ VFHQDULR ZHUH QHDUO\ WKUHH WLPHV KLJKHU 7KHFRQVHTXHQWLDO ORVVHV IRU WKH IDUPHUV LQFUHDVHG EXW WKH GLUHFW FRVWV IRU DQLPDO ZHOIDUHVODXJKWHUPHDVXUHVZHUHVKDUSO\UHGXFHG&RPSHQVDWLRQSDLGWRWKHIDUPHUVIRUWKHEUHHGLQJSURKLELWLRQDVZHOODVYDFFLQDWLRQFRVWVZHUHH[WUDVDGGLWLRQDOFRVWVFRPSDUHGZLWKWKH19VFHQDULR7KH UHVXOWV RI WKH GLIIHUHQW '' DOWHUQDWLYHV LQFOXGLQJ WKH EDVH YHUVLRQ '' RI WKLVVFHQDULRDUHVKRZQLQ7DEOHV7KHUHZDVQRVLJQLILFDQWGLIIHUHQFHLQWKHVL]HRIWKHHSLGHPLFZKHQPD[LPXPSURWHFWLRQZDVFKDQJHGIURPGD\VWRRU7DEOHVDQG7KH HIIHFW RISUHYHQWLYH VODXJKWHU DFFRUGLQJ WR WKHYDFFLQDWLRQUHODWHGSULRULWLHVZDVDSSDUHQWO\JUHDWHUWKDQWKHYDFFLQHHIILFDF\,QWKHEDVH''VFHQDULR''ZHDVVXPHGGD\VRISUHSDUDWLRQEHIRUHWKHHPHUJHQF\YDFFLQDWLRQDFWXDOO\EHJDQ,QDOWHUQDWLYHV,,,DQG,,,ZHDVVXPHGWKDWLWWRRNDQGGD\VUHVSHFWLYHO\WRSUHSDUHDQHPHUJHQF\YDFFLQDWLRQFDPSDLJQIROORZLQJWKHGHFLVLRQRQGD\  $ ORQJHU SUHSDUDWLRQ WLPH RQO\ VKRZHG D ODUJHU HSLGHPLF IRU WKH ZRUVW LWHUDWLRQV7DEOH  7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH QXPEHU RI GHWHFWHG IDUPV WKHQXPEHURILQIHFWHGIDUPVWKHQXPEHURISUHYHQWLYHO\VODXJKWHUHGIDUPVRULQWKHFRVWVZKHQFRPSDULQJ WKH VLPXODWHG DOWHUQDWLYHV ZLWK WKH EDVH '' VFHQDULR 7DEOHV  DQG &RPSDULQJ DOWHUQDWLYHV , ,, DQG ,,, ZLWK WKH 19 VFHQDULR WKH QXPEHU RI SUHYHQWLYHO\VODXJKWHUHGIDUPVZDVDOZD\VVLJQLILFDQWO\KLJKHU%\ FKDQJLQJ WKH YDFFLQDWLRQ UDGLXV IURP  NP WR  NP DOWHUQDWLYH ,9 WKH QXPEHU RIGHWHFWHG IDUPVZDV VOLJKWO\EXW QRW VLJQLILFDQWO\KLJKHU FRPSDUHG WR WKH EDVH'' VFHQDULR7DEOHVDQG([FHSWIRUWKHZRUVWLWHUDWLRQVWKHGXUDWLRQRIWKHHSLGHPLFZDVWKH VDPH UHVXOWV QRW VKRZQ EXW WKH QXPEHU RI SUHYHQWLYHO\ VODXJKWHUHG DQG YDFFLQDWHGIDUPVZDVVLJQLILFDQWO\ORZHUOHDGLQJWRORZHUFRVWVFRPSDUHGWRWKHEDVH''VFHQDULR7KH NP YDFFLQDWLRQ DOWHUQDWLYH ZDV VLJQLILFDQWO\ OHVV FRVWO\ WKDQ WKH 19 VFHQDULR  NPSUHYHQWLYHVODXJKWHUPDLQO\GXHWRWKHVKRUWHUGXUDWLRQRIWKHHSLGHPLF

























































































































































































































































































































































































































































































7DEOH 1XPEHURI IDUPVGHWHFWHGDQGSUHYHQWLYHVODXJKWHUHGIRUGLIIHUHQWVLPXODWHGHPHUJHQF\YDFFLQDWLRQVFHQDULRV6FHQDULR 'HWHFWLRQ 3UHYHQWLYHVODXJKWHU D &RVWV ¼     'HOD\HGGHVWUXFWLRQVFHQDULRV E''      ''      ''      ''      '',      '',,      '',,,      '',9      ''9      ,QWUDFRPPXQLW\WUDGH,&7    F   ,&7      ,&7      ,&7      ,&7,      ,&7,,      ,&7,,,      ,&7,9      ,&79, F    F  F  D ,QFDVHRI''SUHYHQWLYHVODXJKWHULQFOXGHVDOOYDFFLQDWHGIDUPVE $OO IDUPV LQ D GHILQHG YDFFLQDWLRQ ]RQH  NP ZLOO EH VODXJKWHUHG IURP GD\  RQZDUGV LIGHVWUXFWLRQFDSDFLWLHVDUHDYDLODEOH LQGHSHQGHQWRI WKHYDFFLQDWLRQSUHSDUDWLRQ WLPH([FHSW IRUDOWHUQDWLYH,XQWLO,,,WKLVZLOOEHDOZD\VGD\VH[WUD,WZLOOEHGD\VIRUDOWHUQDWLYH,GD\VIRUDOWHUQDWLYH,,DQGGD\VIRUDOWHUQDWLYH,,,F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t  GHWHFWLRQV LQ WKH VW ZHHN FRPELQHG ZLWK D VKRUWSUHSDUDWLRQWLPHRIGD\V$ORQJHUGHOD\DOWHUQDWLYH,,,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